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struction of the ship has been made 
strong. The hull alone absorbs not 

tonsof the total displacement, and of that amount 
about 7,200 tons has been worked into the structure 
since the keel plate was laid down on October 1, 1889, up 
to the time of the floating out of dock, a period of less 
than seventeen months. This is a reeord of progress 
which is believed to be wholly beyond precedent either 
in a government or in a private yard, And this 
remarkable advancement is all the more creditable to 
the Portsmouth establishment, seeing that the Royal 
Sovereign was built in the open, and that work had 
frequently to be suspended in consequence of the very 
She is built of entirely of mild steel, as 
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are now all ships in the service, the stem and stern 
posts and shaft brackets being also formed of steel 
castings. The flat pieces of keel are composed of 
lates % in. in thickness, while the vertical keel 
tas a thickness of % in., with a maximum height of 5 
ft. amidships, diminishing to 3 ft. 6 in, at the first 
leapitadinal, ond tapering toward the extremities. A 
novelty has been introduced in this portion of the 
structure, as the vertical keel is perforated to allow the 
water to pass freely between the first watertight longi- 
tudinals. Above there is a second watertight longi- 
tudinal on the port and starboard sides, so that, as a 
matter of fact, the whole hull from end to end is 
largely subdivided, for the purpose of minimizing to 
the fullest possible extent the risk of danger to the 
bottom plating from rocks or torpedoes, The frames 
have also been specially designed with reference to the 
great weight to be carried, asa additional stiffness is 
secured by double longitudinal bulkheads, which not 
only form a passage for easy communication below the 
water-line from end to end, but support the middle 
portions of the hull when the ends are simultaneously 
elevated by waves. A protective steel deck, 24¢ in. in 
thickness extends under water from the bow for about 
76 ft. and from the stern for a distance of about 72 ft. 
From this deck, and resting apon an armor shelf, is 
built a belt of steel-faced armor with a backing of 
teak. The lower edge of the belt extends 5 ft. 6 in. 
below the low draught line, while the upper edge is 
carried 8 ft. above the line. The greatest thickness is 
18 in., the belt itself extending over a length of 250 ft. 
out of a total length of 380 ft., and terminating in 
armored bulkheads. At the fore and after ends of the 
belt, and rising directly from the protective deck, are 
the barbettes, formed of armor 17 in. thick. Superim- 
sed upon the thick belt is placed another belt of 
ight armor, 4 in. thick at the sides and 3 in. thick on 
the screens, running across the ship; and behind this 
side armor coal-bunkers are arranged, whereby a large 
amount of additional protection is secured. Over the 
armor belt there is also a 3-in. steel deck, worked so 
that horizontal deck protection extends from end to 
end. Objection has been taken to the fact that the side 
armor stops short at the auxiliary battery. It remains, 
however, to be stated that, while the side of the ship at 
this part is wholly unprotected, the guns are protected 
by 6 in. screens and the crews by armored emplace- 
ments, And in order to procure a safe passage for the 
ammunition from the several magazines to the guns of 
the secondary armament, armored tubes have been 
specially fitted, It is also to be noted that, with a view 
of preventing water from finding its way below the pro- 
tective deck, means are provided for closing the several 
operings by watertight covers, while in the case of 
those which must necessarily remain open, coffer dams 
have been fitted with the same object. The Royal Sov- 
ereign will be completed for the use. of an admiral. 
She will be lighted throughout with an installation of 
over 600 electric lights, and she will also be equipped 
with four electric search-lights of 25,000 candle power, 
each of which will be worked by dynamos under 
protection. The ship in action will be fought from 
either of two conning towers, of which the forward one 
Hy armored to the extent of 14 in. and the after one to 
in, 

The armament of the Royal Sovereign will comprise 
four 1844 in. 67-ton guns mounted en barbette in pairs, 
and firing a projectile weighing 1,250 lb. with a pow- 
der charge of 630 ib.; ten 6-in. 100 pounder quick firing 
guns, double banked, the four on the main deck being 
mouted in casemates protected by 6 in. armor, while 
the six on the upper deck are mounted on sponsons ; 
16 6-pounder and nine 8 pounder quick firers, eight 
small machine guns, and two 9 pounder field guns. 
The auxiliary armament is distributed all over the 
ship, and extends from bow to stern, the top sides and 
bridges having a considerable number disposed upon 
them. The main armament is worked by hydraulic 
machjnery supplied by Sir William Armstrong & Co. 
The other guns are all worked by hand, the 6 in. by 
one man, others being employed for feeding purposes, 
The ship is also fitted with seven torpedo tubes, of 
which two are submerged. The number of torpedoes 
carried is 18. 

The engines are provided by Messrs. Humphrys, 
Tennant & Co., who have also the contracts for the 
whole of the dockyard ships of the class. They are of 
the triple expansion vertical type now becoming gen- 
eral in the service, and are to indicate 9,000 H. P. with 
natural draught and 13,000 with forced draught, pro- 
ducing speeds of 16 and 174¢ knots respectively on a 
weight of 14,150 tons. This noticeable increase of 
efficiency as compared with other battle ships is in a 
great meusure due to the difference in form, which was 
adopted as the best after a series of model experiments 
by Mr. Froude, at Haslar. 

The new = is designed to carry 900 tons of coal, 
which, at a uniform speed of 10 knots, is estimated to 
steam her 5,000 knots. The arrangements for fuel are 
similar to those in the Trafalgar; but, whereas any 
increase above 900 tons in the coal put on board that 
ship necessitates an increased draught and some loss of 
speed, in the Royal Sovereign provision is made (in the 
form of the “ Board margin”) for an unappropriated 
weight which will enable 50 per cent. more coal to be 
earried at the designed load draught and at the full 
speed. The ship's companies consist of 700 officers and 
men. 

The Royal Sovereign has been built from the designs 
of Mr. W. H. White, Director of Naval Construction, 
under the direction of Mr. H. E. Deadman, Chief Con- 
structor, and Mr. L. G. Davies, Constructor, with Mr. 
Taylor in charge.—Marine Engineer. 


H. M.S. ROYAL ARTHUR. 


THE first-class protected cruiser the Royal Arthur 
was launched from Portsmouth dockyard on February 
26th. The ceremony of christening and launching the 
vessel was most successfully performed by her Majesty 
the Queen. 

After the Queen had received inatructions coucerning 
the buttons she was to touch, the men in the depths 
below set to work with the battering ram to remove 
the last remaining blocks from under the keel of the 
ship. A few minutes sufficed to set the great vessel all 
but free, a formal report that all was in readiness was 
given te Admiral Gordon, an electric bell rang, a bugle 
sounded, and her Majesty touched the first button. 
As the bottle thas wanaana crashed against the stem, 





her Majesty wished ‘‘ Success to the Royal Arthur.” 
In a moment or two the second button was touched, 
the cord was severed, the t fell, and, amid a 
tumult of cheers, in which all jo who were present, 
royal princes vying with more lowly subjects, the 


great vessel glided rapidly out upon the water. The). 


cheering was renewed again and again from the inside 
of the shed, from the crowd without in the dockyard, 
from the upper works of the vessel herself, which were 
covered by men who had been in concealment below, 
and from the multitudinous small craft upon the har- 
bor waters. Through the cheering could be heard 
the thundering salute of the Wellington's guns and, but 
more faintly, the music of the band of the Inniskilling 
Fusiliers as they played *‘ Rule Britannia.” A more 
successful launch was surely never seen, nor a nobler 
sight than the Royal Arthur as her anchors bit the 
ground and she rode to them for the first time in Ports- 
mouth Harbor. 

The keel plate of the Royal Arthur, first class an 
tected cruiser (originally named the Centaur), was laid 
down on the 20th of January, 1890, and when it is 
stated that, of the 4,400 tons of weight which are ab- 
sorbed by the shell alone, 2,600 tons have been actu- 
ally worked into the ship, it will be seen that she has 
been advanced with remarkable rapidity. She forms 
one of a squadron of nine ships of the class for which 
provision was made under the Naval Defense Act. The 
names of the others are the Crescent, Edgar and Hawk, 
building in the dock yards; and the —y Gib- 
raltar, Grafton, St. George, and Theseus, building by 
contract. To speak strictly, however, the Royal Arthur 
and the Crescent (which is also under construction at 
Portsmouth) differ slightly from the rest of the class. 
When the former was well advanced, prozress at the 
bow was arrested, with a view to modifications being 
introduced, and it was finally determined, and wisely, 
to add a topgallant forecastle in the two ships, with a 
trifling change of armament as a necessary consequence. 
On our first page will be found an illustration of 
this vessel. 

The Royal Arthur measures 360 ft. between perpen- 
diculars and 60 ft. 8 in. beam, with mean draught of 
24 ft.9 in. and a load displacement, when fully 
equip for sea, of 7,700 tons. With the exception of 
the yal Sovereign, she is the largest ship ever 
launched from the Portsmouth yard, her stem and 
stern projecting far beyond the ends of the slip on 
which she was constructed. The new cruiser is built 
entirely of steel, having large phosphor bronze cast- 
ings for stem and stern posts, shaft brackets, etc., the 
form of the bow constituting a ram of formidable 
character. The double bottom, which runs through- 
out the ship and extends from the wing passages on 
each side, is constructed on the usual cellular bracket 
system, and is subdivided by the longitudinal and 
transverse framing into a great number of watertight 
nme as a protection against underwater at- 
tack. 

The framing of the structure is of great strength, 
and is further strengthened by cross bracing. The 
vital portions, such as the engines and boilers, maga- 
zines, and steering gear, are protected by a steel deck 
of the ordinary turtle back form, with sharp curves at 
the sides, and extending throughout the structure. It 
varies in thickness from an inch to a maximum of 5 in. 
in places most exposed to injury in action, and is topped 
next the skin of the ship by broad coal bunkers, which 
afford supplementary defense against shot and shell. 
In consequence, however, of the great height of the 
engines, which renders it impracticable to keep them 
below the steel deck, the: cylinders (which are in the 
vicinity of the water line) are efficiently protected on 
both sides by sloping armor or coamings 6 in. in thick- 
ness. 

The arrangements for the protection of the guns 
and gun crews consist of casemates with screens in 
front, which move with the training of the guns, 
and are of the thickness of 6 in., which is supposed to 
be omer sufficient to prevent the bursting of shell in- 
side. Inboard the gunners stand within an iron box 
2 in. in thickness, through the door of which the shot 
and ammunition are served, by means of tubes, with 
great ease and rapidity. The ship is also fitted with 
an armored conning tower forward, 12 in. thick, from 
which, in action, the engines, steering gear, and guns 
ean be directed. She will be ventilated by both natural 
and artificial means, and will be lighted electrically 
throughout. Four search lights for protection and 
use in torpedo attack will be provided, and worked by 
machinery under cover of the steel deck. Auxiliary 
means of illumination will also be supplied. Among 
other fittings are a special canteen, adrying room, and 
steam hoists for getting the boats (which are the same 
as in a first class battle ship) freely in and out. 

The Royal Arthur will carry the following modified 
armament: One 9°2 in. gun (carried on central pivot 
mounting aft), 12 6-in. quick firing guns, 12 6-pounder 
quick firers, 5 3-pounders, 6 machine guns, and 2 9- 
pounders—a remarkable armament fora cruiser, In 
addition to the above the ship is fitted with four tor- 
pedo tubes of the largest design, two submerged and 
two above water, with a complement of 18 torpedoes. 
A complete system of net defense will be supplied as a 
safeguard against torpedo attack, in conjunction with 
the ngmeees of her own torpedo guns and boats. 

The ship is fitted with twin screws and a balanced rud- 
der (worked either by steam or hand), her high speed 
requiring this special form of rudder to keep her under 

roper control. The engines will be supplied by 

essrs. Maudslay, Sons & Field, of Lambeth. The 
contracted I. H. P. is 10,000 horses with natural 
draught and 12,000 with foreed daught, which, it is 
estimated, will give a speed of 1844 and 194¢ knots re- 
spectively. The amount of coal carried is 850 tons, 
which will enable the ship to steam continuously at a 
10 knot speed overa radiusof 10,000 knots, which is 
equal to a distance of 11,500 miles, or 2,800 knots at a 
speed of 18 knots. The engine and boiler rooms, which 
are divided by a longitudinal bulkhead, ex- 
ceptional means of ventilation, and special facilities 
have been introduced, by means of sector ports, fér 
coaling theship. The total complement of officers and 
crew will amount to 520.—Marine Engineer. 








There is a great subject for study in Philadelphia. 
A surgeon there has dissec mounted the cow- 
plete nervous system of a huge being, something 
never before accomplished. pe 
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THE BUILDERS OF THE STEAM ENGINE~ 
THE FOUNDERS OF MODERN INDUSTRIES 
AND NATIONS.* 


By Dr. R. H. THurston, Director of Sibley College, 
Cornell University. 


THERE can be, as it seems to me, no more fruitful 
and interesting subject of investigation and study, in 
the history of the race, than that which notes the in- 
fluence of the earlier and the later methods in philoso- 
phy upon the material progress of the world; and which 
observes the result of the introduction of great inven- 
tions into the midst of a society, on the one hand, 
absolutely without sympathy for that inclination 
which stimulates the contriver, and without ambition 
to avail itself of the advantages offered by his inven- 
tions, or, on the other hand, among people hungry for 
them, and for the advantages which they promise. 

Of this difference between the older and younger 
civilizations, between Greek and Roman and modern 
Avglo-Saxon, no better illustration can be found than 
in the History of the Growth of the Steam Engine. 
Koown two thousand years or more ago, it was made 
a toy by the speculative and unutilitarian Greek ; 
tendered by Watt to a modern world, it is wade the 
foundation of all material, and even of intellectual, 
progress. Greece and Rowe, like their predecessors, 
Babylon, Nineveh, Thebes, aud Karnak, reaching a 
certain point in their civilization, stood comparatively 
at rest, and presently only changed to retrograde, 
while handing on their civilization to later representa- 
tives of human advancement. 

The world of the nineteenth century moves on with 
awighty and accelerated velocity, gaining more in a 
century than mankind had advanced in its whole pre- 
vious history. 

It is to science, pure and applied, that the world 
owes all these wonderful advances that we are witness- 
ing now, even more than inthe immediate past. It is 
to the truth-loving quality of science that we owe the 
recent rapid growth of the arts. Only the exact truth 
is sought, and everything yields to fact. ‘‘ For her the 
volume of inspiration is the book of nature, of which 
the seroll is ever spread before the eyes of every man. 
Confronting all, it needs no societies for its dissemina- 
tion. Infinite in extent, eternal in duration, human 
ambition and human fanaticism have never been able 
to tamper with it. On the earth it is illustrated by all 
that is magnificent and beautiful ; on the heavens its 
letters are suns and worlds.” The study of science, 
directed, as it usually seems to be, to the improvement 
of the physical condition and the surroundings of 
man, actually leads, very directly and promptly, to the 
improvement of his moral and intellectual character. 
It gives him the means of performing all necessary 
work in a shorter time than formerly, and thus sets 
free the intellect and the soul to carry on their highest 
work. The applications of science to the useful arts 
not only give us better and cheaper clothing, a greater 
variety of wholesome food, and means of rapid and 
easy transportation; but permit man to think out. 
in more and more frequent leisure moments, ccca- 
sional leisure hours, the problems of life, to adjust 
himself better to his environment, to consider the 
needs of his fellows, to find opportunity for exer- 
cise of his sympathies, to improve his intellectual 
powers, to acquire knowledge on which to exercise 
them, to think out the great moral problems of life 
and of death, and to thus ascend intoa higher and 
better atmosphere, a nobler sphere in the boundless 
universe of mind. 

No one has summarized the work of science in this 
century better than Macaulay: “It has lengthened 
life ; it has mitigated pain ; has extinguished diseases ; 
has increased the fertility of the soil; given new secu- 
rity to the mariner ; furnished new arms to the war- 
rior ; spanned great rivers and estuaries with bridges 
of form unknown to our fathers ; it has,guided the 
thunderbolt innocuously from heaven to earth; it has 
lighted up the night with splendor of the day; it has 
extended the range of human vision ; it has multiplied 
the power of the human muscles; it has accelerated 
motion ; it has annihilated distance ; it has facilitated 
intercourse, correspondence, all friendly offices, all 
dispatch of business; it has enabled man to descend to 
the depths of the sea, to soar into the air, to penetrate 
securely into the noxious recesses of the earth, to 
traverse the earth in cars which whirl along without 
horses, to cross the ocean in ships which run many 
xnots an hour against the wind. These are but a part 
of its fruits, and of its first fruits; for it is a philosophy 
which never rests, which is never perfect. Its law is 
progress. A point which yesterday was invisible is its 
goal to-day, and will be its starting point to-morrow.” 

The intellectual, and largely the moral, progress of 
mankind depends, in very great degree, upon the ma- 
terial progress of the race; but this, in turn, is the 
prodnet of the labors of the inventor and of the labor- 
ing classes. The gain of wealth, on which we must in- 
evitably and always — for any real and permanent 
advance, in whatever field, must inevitably and always 
in turn depend upon two principal results of the work 
of the engineer’s, the inventor’s, the mechanic’s brain : 
(1) The reduction of the cost, in money or in labor, as 
the best gauge of those necessaries of life and of 
progress which are. in their use, subject to destruction 
—such as food, clothing, protection from the weather. 
(2) The rapid and permanent accumulation of the per- 
manent forms of wealth such as constitute the real 
measure of prosperity, and give to a nation the com- 
forts and luxuries which are either essential or con- 
ducive to leisure and thought, to intellectual develop- 
ment and moral growth. Poverty and enforced asceti- 
cism give unquestionably large opportunity for the 
development of certain phases of the strongest char- 
acters ; but only leisure and voluntary asceticism can 
produce the highest development of character and 
mental growth combined. : 

It is to the producer of every facility for the cheap 
supply of perishable and destructible necessaries that 
we wust mainly look for aid in the laying of a founda- 
tion for continual progress in higher fields ; it is to the 
inventor and the mechanic that we must spree main- 
ly for the means of easily sustaining life while seeking 
time and opportunity to give to the race the means 
and the opportunity to advance toa higher plane in 
civilization and mental existence. It is the wonderful 


* An address delivered at the Centennial Celebration of the American 
Patent System, Washington, April, 1891. 
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result of the work of the inventor in the past century, 
largely stimulated by modern scientific knowledge, and 
perhaps even more by modern methods of legal encour- 
agement of the inventor, and of assuring to him the 
full possession of the fruits of his brain, that we owe 
the marvelous gain of a century. 

Watt would have accomplished little had he not, at 
the very start, hit upon the scientific principles of the 
steam engine ; he would have accomplished little, even 
then, except for the patent system, very probably. 
He would hardly have had the heart to attempt 
much even then, nor probably would his financial 
partnerand backer, Matthew Boulton, have felt it safe 
to invest his capital, no less essential than the inven- 
tion itself in such an enterprise, had not the new 
patent system furnished him security for the invest- 
ment required in shops, tools, and financial operations 
attendant upon the introduction of the new machine. 
Machinery and the patent system are the basis of the 
worid’s prosperity to-day. Watt made inventions, and 
the capitalist farnished the means of their construc- 
tion and use, while the patent system gave security to 
both inventor and capitalist, and assured them of 
fair return on their investments of time, thought and 
money. 

As has been often suggested, a new invention is sim- 
ply the materialization of a new idea of scientific char- 
acter and useful purpose, an idea capable of supplying 
to mankind pew comforts, new conveniences, new safe- 
guards against want, pain, disease and death. Every 
new advance, even in pure science, is sure of ultimate- 
ly finding use in the advancement of the race materially, 
and indirectly, intellectually and morally. The per- 
fection of a science is the means of perfection of an art, 
and the improvement of the arts is the direct means of 
promoting the highest as well asthe lower interests 
of mankind. 

It is thus that it has come to pass that ** machinery 
actuated by the forces of nature now performs, with 
ease and certainty, work that was a drudg- 
ery of thousands. Every natural agent has n pressed 
into man’s service: the winds, the waters, fire, gravity, 
electricity, light itself.” 

On the shelves of my library stand side by side, as I 
observed a few days ago—so placed by some curious 
aceident—a copy of the tales of the ‘* Thousand and 
One Nights” and two or three little volumes of stories 
of inventors and their inventions, and of modern dis- 
coveriess Comparing these two sets of fruits of the 
human ‘intellect, I find the results of the “ scientific 
use of the imagination,” on the whole, far more im- 
pressive, and, in many respects, far more marvelous, 
not to say to the unfamiliar mind more incredible, 
than those of the romancist. 

The military art has always been the sustainer, as it 
was originally the parent, of the mathematical and 
physical sciences. The Greek camp and Alexander's 
army were the progenitors of the great schools of Alex- 
andria, Alexander the Great was the progenitor of the 
intellectual offspring of Archimedes and of Euclid, as 
of the theories of Newton; and ancient Greece has 
been the source of inspiration of all modern life. The 
polytechnic schools of Alexandria substituted for the 
speculative methods of Plato the logical philosophy of 
Aristotle. They employed the reason in place of the 
imagination in all shpaieal and scientific departments 
of knowledge. The home of Eratosthenes and of Hip- 
parchus, and of Ctesibus, the instructor of Hero, was 
the successor of the camp of the Grecian conqueror; 
and, conquest being ended, real knowledge became 
the object of ambition. Speculation gave way to in- 
vestigation, and the triflings and aimless disputations 
of the older schools were succeeded by the serious 
labor of research and of the accumulation of real 
knowledge. This serious and fruitful labor gave an 
impulse that was never wholly lost, though often 
seemingly almost extinguished by the combined forces 
of the political and the military spirit of later times. 
A thousand years of trifling, the whole period of the 
dark ages, could not wholly destroy it. 

In the history of the world there have been two dis- 
tinct periods of marked advance, the one mainly philo- 
sophical, the other mainly material. These are the 
times of the Greek philosophers, and notably of the 
growth and prosperity of the Alexandrian school ; and 
the times which have brought us a modern civilization, 
the three centuries just closing. The earlier period 
“died with Hypatia” of Alexandria, and the later 
began with Newton and is still in full career. Both 
these periods have been distinguished by a singular 
freedom of intellectual opinion and growth. In the 
daysof Aristotle, of Sophocles, of Plato, as of Archime- 
des, of Hero, of the Ptolemies, whatever may be said 
of the political status of the citizen, his opinions were 
his own, and his intellectual freedom was absolate ; 
the conflicting sects and philosophies of that time were 
simply the free growth of miud unrestrained by social 
or ecclesiastical bonds. In these later days we are 
just regaining a somewhat similar freedom of intellect, 
through the all-pervading influence of modern scien- 
tifie methods and principles. That political freedom 
which has jast begun to come to the citizen of even 
the monarchies of Europe; that social freedom which 
has its best illustrations, as well a’ its most grotesque 
monstrosities, in the United States; that intellectual 
freedom which stimulates as well as permits advance 
in every department of modern life, in science, religion, 
invention in all the arts: all these forms of freedom 
are but phases of one mighty development of human 
progress distinguishing our own time. It is all pre- 
cisely the same universal unrestraint, coming of a com- 
mon cause, taking its effect, primarily, io political 
changes, so far as visible, and marking simply that 
impulse which is exhibited in avy direction in which 
kreat forces have been long resisted and restrained, 
finally to be given vent and thus allowed to expend the 
long-stored effort in a mighty, and often unanticipated, 
outburst. The improvement of the steam engine has 
been one of the consequences of the same train of 
events which gave England her Magna Charta and the 
United States a republican form of government; which 
prodaced a science of chemistry, and established mod- 
ern Views ip astronomy and geology. 

The widdle ages were periods of repression ; the later 
days have seen the resultant expansion. During their 
whole extent, the transfer of learning from Alexandria 
to Bagdad, to Granada; the distribution of D 
colleges throughout Western Europe ; the slumbering 
of intellect in the countries dominated by the church 
during those centuries—all were simply the transfer 


and the storage of energies, the aggregation of the 
forces of progress, preparatory to their grander action 
in the days following the martyrdom of Bruno and of 
Galileo, the events marking the dawning of a new 
era. 

In those older days, when Greek and Roman founded 
a literature and a philosophy that has been a guide 
and an inspiration ee epee all subsequent times, 
the inventor and the builder was at a disadvantage; his 
brain was trameled by the difficulty of getting his ideas 
crystallized in metal and in wood. To-day he can wake 
whatever he can devise ; then he could devise a thou- 
sand new instruments, processes, or machines ; and not 
one of the thousand wight be practically possible. To- 
day our progress is only limited by the rate of accom- 
plishment of the brain and its production of represen- 
tative ideas. 

When a stone falls to the ground from a lofty height, 
it starts from rest with an imperceptible motion, grad- 
ually increases its speed by a regular acceleration, and, 
falling faster and faster, finally reaches the ground with 
an acquired velocity that can only be compared to that 
of a cannon shot. The alpine avalanche, slowly sliding 
along the smooth surface of rocks and soil at the moun- 
tain top, exerting a power that achild wight success- 
fully oppose, gathers energy as it moves, increasing its 
8 , storing more and more power as it slides over 
the declivity, affects larger and larger masses, and, at 
last, descends into the valley below with the roar of a 
tempest and the destructive effect of a thousand tor- 
rents, moving along with the velocity of a lightning 
flash. To one who reads the history of the develop- 
ment of civilization among mankind, from the earliest 
days of the oriental empires to the present, this same 
universal law of accelerated progress seems to come in 
play in the origination and perfection of the sciences, 
the literatures, and the arts. The dawning of civiliza- 
tion among the ancients was but recording in a scanty 
literature the wanderings, the speculations, the imag- 
inations, of adult children, interspersed with the gossip 
and tradition of verbal history. Science had no place 
in their pantology ; the arts had only made the most 
simple beginnings in the provision of the merest 
necessaries of a most simple life. Progress was hardly 
perceptible, century by century; the people of one 
age lived much the same as did those of the preceding; 
‘* what was good enough for grandparents was consid- 
ered good enough for grandchildren,” and invention 
and discovery were words of little import. 

Homer probably knew no other literature than the 
epic ; the builders of the pyramids were unacquainted 
with any other mechanism than the simplest devices 
called by us to-day the mechanical powers. Hero and 
the Greeks were familiar with the expansive force of 
steaw, but they had no way of usingit in the arts, and 
their only steam engine wasthe aelipile, a whirling 
globe, impelled by the reaction of steam jets. The 
first principles of scientific method and the simplest 
facts of science were unrecognized by the people of the 
time of Christ and the Romans. Menelaus and Achil- 
les took their armies to the coastsof Troy in boats im- 
pelled by sails and oars ; and their troops fought with 
arrows and spears. Alexander conquered the world of 
his time ignorant of gunpowder. Cw#sar conquered 
Gaul and wrote his commentaries unaware of the po- 
tentialities of artillery and of the printing press; and 
the dark ages that intervened, to the times of Galileo 
and Newton, were unenlightened by even the intelli- 
gent anticipation of gas or the electric light. 

Our own ancestors ofa century or two ago knew abso- 
lutely nothing of any one of the most useful inventions 
or discoveries that seem to us, to-Jay, to be so essen- 
tial to our comfort, except the one art of printing. 
The perfection of the steam engine has been the work 
of this century ; the introduction of the telegraph, 
the railroad, the steamboat, of the telephone and of 
the power press, are all the work of mechanics and 
men of science with whom our own parents and 
grandparents were acquainted, or who are our own 
contemporaries. The lever, the wedge and the screw 
were the great inventions of the ancients; the mari- 
ner’s compass and the art of printing, the introduction 
of firearms and artillery were the gauges of the pro- 
gress of the world in the middle ages, while our own 
times have seen an innumerable list of inventions con- 
~ pane to the comfort of humanity and its better 
ife. 

To.one who has read of the rude beginnings of 
science and of the arts in the times of the Greeks and 
Romans, of the oriental civilizations, of the Egyptians 
and of the Saracens, and who has noted the slow 
progress of the world through the middle ages, and 
who has observed the culmination, possibly, of this 
acceleration in the productive century in which we 
live ; to one whe has studied the growth of the steam 
engine from the toy of Hero of Alexandria, two thou- 
sand years ago, through the various rude and ineffect- 
ive devices of the intermediate centuries, to the time 
of Worcester, of Savery and of Newcomen, and the 
wonderful outcome offthe work of James Watt; who has 
seen the steamboat grow from the little craft of the 
time of Fulton and Stevens to the shape of the float- 
ing palaces on Long Island Sound and the great steam- 
er of ten thousand tons burden carrying a thousand 
passengers across the Atlantic at the speed of arailway 
train, and the mighty ironclad, almost impenetrable 
by the heaviest ordnance, and itself throwing tons of 
steel shot at a broadside miles through the air, start- 
ing with a velocity double that of sannd itself; to one 
who has witnessed the development of the railroad from 
an insignificant beginning only a little more thana 
half-century ago, two generations at most. to its pres- 

resent state, with its forty, fifty and one hund ton 
ocomotives, its thousand tons of train, conveying 
food and comforts across a continent at a cost of less 
than a cent per ton per mile bringing to the laboring 
man on the Atlantic coast a barrel of flour a year for 
each member of his family from Minnesota, nearly fif- 
teen hundred miles away, for less than a dollar, with 
its magnificent train of palace and sleeping cars rushing 
from New York to Chicago, a thousand miles, in twen- 
_— hours, or swinging in tremendous power across 
the continent toSan Francisco in four days; to one 
who has wondered at the beautifal applications of 
electric science to the purposes of life and business, 
as illustrated in the telegraph, transmitting its mes- 
sage in the lightning flash from continent to continent 
and around the world, or in the telephone, bringing 





friends, wiles apart, tete-a-tete, or in the electric light, 
turning night into day and driving crime into its re- 


motest dens, while giving all the industries the power 
of doubling their productiveness ; and to one who has 
seen the wodern power press printing newspapers by 
the mile, cutting and trimming them tosize, folding 
and wrapping them for transition to distant readers by 
a system of wail distribution which equally well illus- 
trates the progress of the age in methods and organiza- 
tion of industries; to one who has perceived all this, 
the thought must inevitably come that there must be 
a limit to such speed of advance as we are now wit- 
nessing, the law of acceleration must some time cease 
to operate, and the question must suggest itself: 
Where is the limit? What is coming in the fature of 
the race? What are the possibilities? What wonders 
may we expect that science may still discover? 
What — be their effect on the life of the 
world ? atare likely to be the characteristics of 
the ‘‘coming race,” of its social life and of its moral, 
its intellectual, its physical conditions? Bulwer drew 
upon the imagination of a rowancer for his ideal of 
the future; what may the imagination of a man of 
science perceive, guided by his more rational view of 
the past, of the present, and of the general course of 
progress in invention and discovery ? 

lo all the great operations of nature, the course and 
the rate of movement are determined by the well-known 
principle of the “ persistence of energy,” and by that 
of the law of Newton, asserting that she invariably 
endeavors to preserve the existing condition of motion, 
and that all motion tends to continue uniformly to 
follow a right line, resisting invariably every tendency 
to effect a deviation from the existing course with a 
power which is proportional to the rate at which such 
deviation from the motion of the moment is forced. 
Nature never turns a sharp corner, and we may prob- 
ane | as well judge the future of the great intellectual 
and social movements by the laws of energy as 
anticipate physical motions. 

In writing the history of the ‘‘Growth of the Steam 
Engine,” years ago, 1 divided it into three periods, 
that of speculation, that of development and applica- 
tion, that of refinement or improvement in detail. 
The first period is that of Hero and the Greek specula- 
tive philosophy ; the second that of Watt and his pre- 
decssors in the invention of the machine, that of the 
opening of the modern epoch ; and the third is that 
comprising the whole of the present es with all 
its wonders ; it is the outcome of the last, the fruit of 
a minute seed planted in the first of these eras. The 
men to whom the world is to-day indebted, mainly, for 
all that it enjoys of material advantage, and for the op- 
portunity to improve it by the intellectual advances 
which have accompanied the production of modern 
comforts and luxuries, are, more than any other, Hero 
of Alexandria, and his contemporary, possibly, Archi- 
medes; Papin, the Marquis of Worcester, Captain 
Savery, and Newcomen, and, most of all, James Watt. 
Let us inquire who were these men and what their 
surroundings, and how they brought about the mar- 
velous changes that the octogenarian of to-day has 
become familiar with as the outcome of their combined 
efforts. 

Hero was born amid the Greeks at perhaps the 
most interesting period of their history, philosophi- 
cally considered. The biography of Alexander, the 
history of the wars of the Greeks, have little import- 
ance or interest in comparison with the life of the 
earliest engineer, ———, recording the invention 
of the steam engine, and the history of the intellectual 
awakening that marked his time. Hero's ‘‘ Pneumat- 
ica” is the first record of invention extant. It only 
gives us a definite idea of the extent to which the 
people of that day were familiar with the possible 
application of the forces of nature to the uses and 
purposes of mankind. The account is as simple and 
ingenuous as the devices themselves are simple and 
undeveloped. It is the description of toys, to which 
interest attaches only because of their revelation of 
the condition of ancient useful arts and of the fact that 
they constitute the germ of mighty inventions of later 
date. But Hero lived at a time when great inventions 
were not appreciated, were not even thought of as 
having possible value in application to the ameliora- 
tion of the condition of humanity ; and were quite 
impossible of construction, if ever so much desired, 
because of the fact that no machinery for their con- 
struction could then be had. So it happened that the 
toy steam engine—curiously enough a ver rfect 
type of steam engine, scientifically considered—lay un- 
used, a germ only, like the grain of wheat in the hand 
of the mumwy, for two thousand years, finally to take 
a new life of wonderful works. 

Now and then one of the old philosophers hit, by some 
happy accident, in the course of his speculations, upon 
some notion of the nature of heat and energy which was 
not far from what we now know to betrue. But we also 
have seen that then it was the fact, as Democritus re- 
marked to the old philosopher, ** Nothing is true; or, 
if so, is certain.” nowledge had, in ancient time, no 
stability ; and science, in the modern sense of the term, 
had no existence. But it was otherwise in the domain 
of application,|and the work of the ancient artisan and 
the development of the mechanic arts among the old 
Greeks and Romans and their predecessors of India, 
Persia and Egypt, command our respect and admira- 
tion. When the lack of facilities possessed by the 
older nations is considered, their success in the con- 
struction of their temples, in the erection of the pyra- 
mids, in their naval architecture, is to the modern 
engineer alwost as impressive as would many of our 
grandest achievements be to them, could they return 
to earth and study the progress made since their own 
times. No more beautiful edifices are built to-day 
than existed in the times of ancient civilization ; no 
modern workman can excel in the perfection of his 
oints and surfaces those observed, still hardly defaced 

y the centuries, in the great pyramid and its neigh- 
bors; the lines of the ancient war galleys, and of the 
Scandinavian craft, even of the earlier periods, were 
as fine as those of the finest yachts of our own day. 
The ancestors of the ancient philosophers honored the 
artisan, and their gods were the idolized hero-mechan- 
ics of earlier times. Labor was rewarded by the 
greatest honors that the nation could confer. It was 
not. surprising, therefore, that some advances were 
made, in even those ruder times, in the mechanic arts. 

The reasoning of the old philosopher Hero in regard 
to the physical phenomena involved in the operation 
of his machines is interesting as illustrating the state 





of the science in his time. He introduces the description 
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of the apparatus which has been described by a 
treatise on the nature of air and the character of the 
vacuum. He shows that vessels which seem empty 
are in reality full of air, and proves bis assertion by 
the following considerations and crucial test: ‘* Let 
the vessel which seems to be empty be inverted into 
the water. It will be seen that it will not admit the 
water, although it may appear perfectly vacuous. If 
a hole be bored in the reversed bottom of the vessel, 
air will issue and the water will then enter.” ‘* Hence, 
it must be assumed that the air is matter.” Further, 
“if a light vessel with a narrow mouth be applied to 
the lips, and the air be sucked out and discharged, the 
vessel will be suspended from the lips, the vacuum 
drawing the flesh toward it that the exhausted space 
may be filled. It is manifest from this that there was 
a continuous vacuum in the vessel.” Cupping glasses, 
which were then already known and in common 
use, were cited as illustrations of a similar operation, 
the fire placed in them rarefying the air and the 
vacuum being thus produced. ‘* Winds are pro- 
duced by excessive eukalation, whereby the air is 
disturbed and rarefied, and sets in motion the air in 
immediate contact with it.” “It may, therefore, be 
affirmed that every body is composed of minute par- 
ticles, between which are empty spaces less than the 
particles of the body (so that we erroneously say that 
there is no vacuum except by the application of force, 
and that every place is full of ether, air or water, or 
some other substance), and in proportion as any one of 
these particles recedes, some other follows it and fills 
the vacant space; se that there is no continuous 
vacuum except on the application of some force ; and! 
again the absolute vacuum is never found, but is pro- 
duced artificially.” ‘‘ These things being clearly ex- 
plained,” the author goes on to consider the methods 
devised for the application of these principles to his 
purposes, 

The fact that none of these contrivances was, so far as 
the records show, applied to the promotion of the use- 
ful arts in the sense in which that application has taken 
place in modern times, and has thus so wonderfully 
accelerated the advance of civilization, is probably an 
indication that the non-utilitarian spirit of the Platonic 
philosophy, and of the whole learned Greek world, in- 
deed, pervaded the ranks of the people too thoroughly 
to permit them to profit to any great extent by the 
inventions of their great mechanicians ; who, indeed, 
seein to have been inclined much wore tothe gym. 
nastie than to the useful employment of their talents. 

This inclination to the display of ingenuity rather 
than to the promotion of useful arts was transmitted to 
the Romans also, and the only account extant of such 
illustrations of the inventive power of that nation are 
those relating to contrivances of machinery of war, 
and such curious applications of the genius of the in- 
ventor as may have attracted the attention of the 





classes of leisure and those engaged in scholarly pur- 
suits. Perhaps the only well known example of such 
ingenious perversion of what might have been useful | 
powers is the following, given us by Gibbon, in his| 
** Decline and Fall of the Roman Empire”: 

“In a trifling dispute between Anthemius, the | 
architect of Justinian, and Zeno, the orator, relative to| 
the wells or windows of their contiguous houses, An- | 
themius had been vanquished by the eloquence of his | 
neighbor Zeno; but the orator was defeated in his | 
turn by the master of mechanics. Ip a lower room, 
Anuthemius ranged several vessels or caldronus of water, 
each of them covered by the wide bottom of a flexible 
tube, which rose to a narrow top, and was artificially 
conveyed among the joists and rafters of the adjacent 
building. A fire was kindled beneath the caldrons ; 
the steam of the boiling water ascended through the 
tubes; the house was shaken by the effect of the im- 
prisoned air; and its trembling inbabitants might 
well wonder that the city was unconscious of an earth- 
quake that they had felt ; and the orator declared, in 
tragic style, to the senate, that a mere mortal must 
yield to the power of an antagonist who shook the 
earth with the trident of Neptune.” 

What has been referred to comprises nearly all that 
is known, and probably about all that the ancients 
themselves knew, of the work of their greatest en- 
gineers and philosophers in the field here explored. 
Centuries of strife and hardly ever ceasing wars fol- 
lowed. the fall of the Roman Empire, and the arts of 
peace suffered retardation, rather than advanced. 
There was, however, an undertow of movement among | 
the more scholarly and the more industrious peoples, 
and the transfer of the learning of the ancients to the 
modern time through Saracen dominion, and the 
progress made by the pagans of the middle ages, were 
the means of preserving the seed of that later and 
wonderfully grand outgrowth which has distinguished 
the three centuries now coming to a close. During 
this period, also, the Chureh, which was always the 
anchor of scholarship, though often the direst foe to 
science, of real knowledge of the Creator through his 
works, not only organized its own materiel and per- 
sonnel into a most effectively working apparatus for 
the promulgation of its tenets, but also provided a} 
system of education, and a working educational or- | 
ganization,that, once it was permitted, by that freedom 
of personal thoaght which came of the Reformation, 
to seek knowledge in every field and to aceept the 
logical resuits of every investigation in science and 
in morals, bocame the most effective possibile means of 
promoting true learning. While, therefore, the middle 
ages seemed to be a period of intermitted growth in 
all but the science and art of war, it was really a time 
of readjustment, of rearrangement, of the various 
classes of Europe, and was, preparatory te such a 
movement of the great underlying forees as should 
finally give opportunity for the most rapid progress, 
onee that progress should begin on the new lines and 
in the new ways that distinguished the later period of 
onward motion of the great current. 

A more complete idea of the extent to which the in- 
ventive talent of the ancients was fruitful of result in 
practically useful directions may be gained by study- 
ing, in addition to the account of Hero and others of 
such curious devices as have just been described, those 
of other authors telling of the various apparatus of 
war, and for naval purposes, which were invented by 
the engineers of the Greek and Roman armies and 
navies. Workson @reek and Roman antiquities de- 





scribe the rams used for battering down the gates and 


|of learning, 


| they are less inspirations of genius than births of eras. 





walls of beleaguered cities, some of them a hundred 


and twenty feet long, and weighing thousands of 
pounds, many tons; in fact, so large that it required 
three hundred pairs of horses or mules to draw them, 
and fifteen hundred men to operate them when 
mounted ready for the attack. They were great beams 
of wood, sheathed with iron, and often covered by an 
arrow, and perhaps bomb, proof house, which pro- 
tected the soldiers while working the ram. Their en- 
gineers constructed towers, called, sometimes, helepo- 
leis, or city-takers, which, according to Vitruvius, 
were ninety feet high, in ten stories, and twenty-five 
feet aquare at the base, as a minimum; while the 
largest were a hundred and eighty feet high, in twen- 
ty stories, and thirty-four feet square at the bottom. 
They were mounted on wheels, and from them, when 
advanced to the spot from which the enemy was to be 
attacked, engines contrived for the purpose threw 
stones and other wissiles into the city and upon its 
walls. Machines for throwing arrows and stones were 
frequently employed, and were often of enormous size 
and power. Similar engines were built to mount upon 
their ships, while the vessel itself was converted into 
an engine of tremendous power by arming its bow with 
a beak, or “* raw,” and using the craft precisely as the 
iron-clad “‘ram” is employed in modern naval com- 
bats. Indeed, the submerged ram now universally 
adopted for such vessels was the invention of Aristo, 
the Corinthian, and was itself an improvement upon 
other forms of ram-bow long before in use. 

The ancients were evidently not deficient in inge- 
nuity, in a talent which is the distinguishing charac- 
teristic of our time and people; but, in mechanics as 
in philosophy, their tendency was always toward the 
consideration of the ideal and the imaginative, rather 
than toward the useful and directly helpful in practi- 
eal directions. Philosophers and mechanicians, scho- | 
lars and artisans, alike, adwired the ingenious and | 
speculative, rather than the productive and the prac- | 
tical. They had departed from the primitive ideas of | 
their progenitors, to whom they owed their theo-| 
logy and who had named their gods. They had come 
to a period in the development of their society which 
must necessarily result in a cessation of advancement | 
and a stationary era in their civilization. 

The age of the dreamer is the period of rest prelim- 
inary to stagnation or even retrogression. The ancient | 
civilization, so called, was the culmination of an ear- | 
lier movement of which history only exhibits to us the | 
later stages, and which was the prelude te a relaxa- 
tion, in turn the preliminary to another advance. So} 
it happens that the mechanic arts, and their grandest 
achievements, as illustrated by the engineer of to-day, 
of the man who, combining intelligence with learning, 
scientific attainments with the power of practical 
accomplishment, meets every demand of the age, 
whether for a railroad or a steamship, a telegraph line 
or an electric lighting establishment, could no more 
have been the outcome of ancient ideas and of ancient | 
methods than could the old philosophers have given 
rise to modern science. The profession of engineering, | 
like that of the physicist or of the chemist, is thus es- 
sentially a product of recent phases of civilization. 
They areall as much the product of the inductive 
methods as are the sciences themselves. The syste- 
matic collection of knowledge, the systematic arrange- 
ment of the phenomena and facts of nature into 
sciences, the systematic promotion and dissemination 
modern systematic education, have set 
the world in motion and with an accelerating velocity ; 
aud the modern methods of thought, in all depart- 
ments of knowledge, of research in all branches of 
learning, of education, general and liberal, technical 
and professional, have produced a new heaven and a 
new earth for mankind. 

Thus, as remarked by Professor Youmans :* ** In the 
history of human affairs there is a growing conception 
of the action of general causes in the production of 
eveuts, and a corresponding conviction that the part 
played by individuals has been much exaggerated, and 
is far less controlling aud permanent than has been 
hitherto supposed. So, also, in the history of science, it 
is now acknowledged that the progress of discovery is 
much more independent of the labors of particular per- 
sons than has been formerly admitted. Great discover- 
ies belong not so much to individuals as to humanity ; 





As there has been a definite intellectual progress, 
thought has necessarily been limited to the subjects 
successively reached. Many minds have been thus oc- 
cupied at the same time with similar ideas, and hence 
the simultaneous discoveries of independent inquirers, 
of which the history of science is so full.” 

Writing of the extraordinary importance of the dis- 
coveries and researches which, in the nineteenth cen- 
tury, closed this wonderful progress, Dr. Youmans 
Says : 

*“*An eminent authority has remarked that * these 
discoveries open a region which promises possessions 
richer than any hitherto granted to the intellect of 
man.’ Involving, as they do, a revolution of funda- 
mental ideas, their consequences must be as compre- 
hensive as the range of human thought. A principle 
has been developed of all-pervading application, which 
brings the diverse and distant branches of knowledge 
into more intimate and harmonious alliance, and af- 
fords a profounder insight into the universal order.” 


But the consequences of the establishment of the 
ideutity of heat and motion, and of the fact that the 
various forms of energy produced by the various 
methods of motion of matter, were, if possible, even 
more important than were the facts just outlined. 
Once it was perceived that heat and light were forms 
of motion and energy, it became promptly seen that 
electricity was also a similar phenomenon, and the 
question arose whether the vital forces, and all other 
observed phenomena distinctive of the production of 
movement and the performance of work, in whatever 
department of nature, might not be also similarly re- 
lated, each to all the others. The doctrines of the cor- 
relation and of the conservation or resistance of forces 
and of energies, as these principles have come to be 
called, were soon seen to be the foundation of all na- 
tural science, and to bind all the sciences into one com- 
mon and closely related system of laws, into a science 
called by Rankine * Energetics.” 





(To be continued.) 
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THE MATTEAWAN ASYLUM FOR THE 
CRIMINAL INSANE. 


OVERLOOKING the Hudson River at one of the broad- 
est points in its tortuous course, opposite to the city 
of Hewbura: isa public institution erected by the State 
of New York at an expense of $1,000,000, and of which 
the public knows little or nothing. 

The legal title of the new building, as fixed by the 
statute, is ‘‘ The Matteawan Asylum for the Criminal 
Insane,” and it is the only institution for this specific 
purpose on an extensive scale in the United States. 

The contract for building was awarded to Sullivan & 
Clarke, of Binghamton, N. Y., and the specifications 
and plans were drawn with studied care by I. G. Perry, 
the State architect. In April, 1888, ground was broken, 
and the old De Windt farm lost its identity, as far as 
nearly two hundred and fifty acres of it, at least, are 
concerned. Over the very spot where now stand mag- 
nificent buildings, Washington, Lafayette and kindred 
patriotic spirits of the revolution walked, surveyed 
the magnificent scenery of the Hudson and watched 
the fortifications upon its many neighborirg bluffs. 

The new asylum prison towers high on the lofty 
ridge, presenting from the river the appearance of a 
monster hotel, as at that distance only the pure 
Queen Anne architecture of a succession of brick 
cottages is seen, witb peaks, winarets, bay win- 
dows, and octagons, the tell-tale bars at each of the 
windows not being visible to the naked eye. The 
building is in the form of a parallelogram, with vast 
hallways extending the entire width, leading into 
roomy wards and ceils, all with high ceilings, an abun- 
dance of light and a general air of cheerfulness. 

Large intervening open courts on either side of the 
main buildings are provided for outdoor exercise. The 
space is ample, but on all sides the inmates are hemmed 
in by high walls and buildings, a perpetual bar to free- 
dom, and coustructed so that escape is as nearly an im- 
possibility as human ingenuity can devise. The ex- 
ternal view from the river presents a broken frontage, 
the large rooms being constructed in circles, semicir- 
cles, and octagons, with cathedral glass panels over 
the big steel-barred windows, much after the style of 

»yrivate residences that are constructed so numerously 
in this ancient style of architecture. The materials 
used in the construction are pressed brick, with Pots- 
dam red stone and blue stone trimmings. The base- 
ment story is finished in undressed brown stone, the 
mixture forming a complete and attractive combina- 
tion. At frequent intervals cupolas and peaks are off- 
set with swells and bays, removing as far as possible 
the hackneyed style of prisons and asylums and pre- 


|senting a piece of architectural ornamentation that 


the most fastidious neighbor cannot decry against. 

The wain entrance is to what is classified as the ad- 
ministration building, the extreme southern end of the 
imposing series. Its front is composed of massive 
Potsdam red-stone columns, undressed and towering 
up like huge, silent sentinels. The lower portion of 
the same material forms a porte cochere, or wide car- 
riage driveway, which opens into a spacious hall, 
whence descend mammoth platform stairs so construct- 
ed as to give an uninterrupted view of each of the 
three floors. This building alone is three full stories 
in height, and is arranged much after a modern, high- 
toned apartment house in suites of rooms for two fami- 
lies. The trimmings and doors are in hard wood and 
there is an air of solidity and healthfulness everywhere. 
The lower floor is divided into offices for the medical 
superintendent, who will have an instant electrical 
communication with every keeper, attendant and sub- 
ordinate in the asylum, quarters for the steward, 
apotheeary, secretary, clerk, aud medical staff. The 
living rooms are finished in cherry and walnut, the 
dining rooms are decorated with polished yellow pine 
ceilings, and model store rooms and kitchens are fin- 
ished similarly. 

A doorway leads intoa long hall dotted on either 
side with comfortable rooms for the attendants, and 
opening by various right angle passages into the six 
large day rooms set apart for the assembling and recrea- 
tion of the inmates. Yellow pine floors and polished 
or metal ceilings shine brightly in the reflections from 
the large cathedral glass ornamented windows, and to 
encourage neat toilets, lockers and shelves are provid- 
ed for hats, coats, and shoes. Adjoining is a large 
dining room for men anda smaller one for women, 
while at a convenient distance are two roomy, light 
and cheerfully furnished and fitted hospital wards. 
Just above these wards are the dormitories, in which 
the prisoners will sleep in cots, but timely precaution 
has been arranged for violent and obstreperous ones 
in six or more isolated rooms or cells, secured by extra 
heavy doors. These cells are of hard white wal!s and 
excel in completeness most of the ‘“‘ inside” rooms in 
an ordinary hotel. 

Great care has been observed in the construction of 
this model institution to prevent accident or injury to 
the crazy inmates. The walls are plastered on wire 
laths with imported Keene cement, which is hard 
enough to resist hammer or chisel. The window and 
door casings are turned, the brick is cast over arches, 
and there is not a square section to the walls, thus pre- 
venting the possibility of any of the convict insane 
from falling against the sharp edges and inflicting per- 
sonal injuries. Attached to every ward and dormitory 
are bath rooms, wash rooms. and well-fitted lavatories, 
the plumbing being on the lines of the most approved 
modern sanitary methods. 

The buildings are lighted by 1,164 sixteen candle- 
power incandescent electric lamps, and the grounds 
are made resplendent at night with ten large are lights, 
all of which were constructed and arranged by work- 
men employed by Thomas A. Edison. The rooms are 
heated by individual flues set high in the walls, the 
hot air being furnished from vast cold air flues in the 
capacious cellars. The stairs are built upon iron rises 
with slate treads, the outside walls are twenty inches 
in thickness and in every respect the structure is fire- 
proof. The locks are set in combinations, with a mas- 
ter key which will lock and unlock all of them, precise- 
ly the same as are in use in the safe dgposit vaults 
of the great metropolis. Should one of the master 
keys fall into the hands of a cunning lunatic, the entire 
combination may be changed and an attempt at a 
wholesale delivery easily be foiled. 

Adjoining the dining rooms, with a long intervening 
hallway, is the amusement hall. It is fitted up with a 
large stage and commodious dressing rooms, and will 
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be furnished with electric footlights, curtain, and 
scenery. 
intention is to furnish plays and concerts for the insane 
criminals once a week at least, the doctors agreeing 
that such attractions induce good behavior and be- 
come valuable auxiliaries in effecting a cure of slighter 
mental ailments. 

The bars at the windows are made of chrome steel, 
and like those in use in banks and safe deposit vaults, 
are warranted to defy file or saw. Accommodations 
are provided for 500 guests, but on a pinch twice that 
number of insane can be cared for comfortably. 

The kitchen, 40 x 70 feet in dimensions, surrounded 
by immense bake ovens, steward’s pantries, closets, and 
store rooms, is at the extreme end of the buildings. It 
is metal roofed, has hard wood doors, with oak and yel- 
low pine casings and a closely knit pine floor. The ceil- 
ing is very high, with large openings to drive out smoke 
and swell, 

Passing out at the door and across the grounds a 
distanee of fifty feet, the visitor is led into a heavy 
brick builing, which contains five boilers, each six feet 
in diameter and twenty feet long. Adjoining is the 
dynamo building, and between them towers an im- 
mense smokestack of brickwork neatly turned and 
stone-capped summit. Next to it isa five story water 
tower, which receives its supply from the village reser- 
voir on the mountains near by, with sufficient force to 
flood the vast buildings in half an hour. Fire, panic, 
and loss of life are believed to be an utter impossi- 
bility. 

The dimensions of this wonderful asylum prison, as 
furnished to Zhe World by the contractors, are: 


Main buildings.......... Seckabisee 600 x 54°4 
Adwinistration wing. ............ 112°6 x 96°6 
Are Dao 6 ive Joteccccs se 46 x68 
Glee WARE; OREM oc cacdeiscaccs oscce OMMDW 
Six dormitories, each.............. 35°83 70 
MN sos sacicecs. odvce pesctesces SP ES 
Male dining room...... bettdiiasdece 85 x 54 
Female dining room............... 70 x 155 
gg eer $o0eneses 54. Xx 86 
Dynamo building conccseccecess Ge) ES 
Water towel. ........0 ee Kcobauent 25 x37 
The work of contractors Sullivan & Clarke cost 


$80,000, exclusive of grading, lighting, heating, and 
plumbing. The electric light plant, with wiring and 
lamps, cost $50,000, and the remainder of the $1,000,000 
expended by the State was devoted to the purchase of 
land, preparing it with drainage and plumbing, heat- 
ing, and furnishing the buildings. Shade and fruit 
trees will be planted on the grounds, and in a few years 
it will be one of the garden spots on the Hudson 
River.—WV. ¥. World. 


BAROSCOPIC THERMOMETER. 


Up to the present, all thermometers, other than 
mercurial and aleoholic ones, have generally been 
based upon the principle of the deformation of a body 
by expansion. The instrument that way be regarded 
as the type of this kind is Breguet’s metallic ther- 
moreter, 

These apparatus all offer the same inconvenience ; 
after operating a certain length of time, the dilatable 
body constituting the thermometer undergoes, through 
successive twistings, certain molecular modifications 
that change the structure of it, so that the same varia- 
tion of temperature no longer affects it in the same way 
that itdid at the time that the apparatus was gradu- 
ated. The readings are therefore no longer accurate, 
and the effects becoming marked in the long run, the 
instrument is put out of service. 

The object of thermometers of this kind is to obtain 
the displacement of a movable object (saya needle) 
capable of being easily seen at a distance, or to estab- 
lish contacts with determined points. Now, in order 
that the movable object may be capable of being dis- 
placed, it is necessary that it shall be submitted to the 
action of an initial foree, the result of a change of tem- 
perature, and such force has generally been sought in 
the deformations of some substance. 

The baroscopic thermometer is desigued to overcome 
such irregularities of operation, through the use of a 
motive force which, really invariable, always produces 
the same effects for the same causes. 

This force is gravity. In this apparatus there is 
utilized the weight of the volame to which the body 
expands ; in other words, instead of employing, as an 
initial foree, the breaking of the geometrical eqwilib- 
rium of a body, we utilize the breaking of its static 
equilibrium in assimilating the expansible body to a 
balance, that is to say, to a lever of the first kind, one 
of the arms of which is formed of the expansible ma- 
terial, and the other of the expanded part of this same 
material. It is evident that, with the elevation of the 
temperature, the second lever arm will increase in 
weight to the detriment of the first. It will therefore 
descend, and we shall here have a utilizable force. If 
care be taken to select for an expansible body a ma- 
terial not subject to molecular variations of structure, 
it is clear that to a same elevation of temperature there 
will always correspond a like expansion and therefore 
a same motive force. 

The body employed is mercury, the fluidity of which 
perfectly adapts it to the construction of the appara- 
tus, and the uniformity of expansion of which secures 
a perfectly regular operation. Moreover, the great 
density of this metal gives a great increase of force for 
a slight increase of temperature. 

In principle, the baroscopic thermometer devised by 
Mr. Debaecker is therefore an ordinary thermometer 
held in equilibrium by means of a horizontal axis pass- 
ing through its center of gravity. If the temperature 
rises, the mereury will expand in the thermometric 
tube, which will become more weighty and will incline. 
In case the temperature falls, a contrary effect will fol- 
low, and the tube will rise, thus producing an alternat- 
ing motion capable of being utilized. 

The principle upon which the baroscopic thermo- 
weter is based being true, it might be constructed of as 
small dimensions as possible; but what is correct in 
theory ceases to be so in practice when it is necessary 
to dispose of an appreciable force in order to render 
the apparatus sufficiently sensitive and to compensate 
for the work absorbed by the movement of the parts. 


The seats slope down from the rear, and the 
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shall have 


weight of the volume expanded wight havea value 
capable of actuating the apparatus. We shall calcu- 
late this value further along. 

The thermometric reservoir, V, carries a tube, 8S, of 
small diameter which terminates in a _ volution, a, 
whose spirals are so arranged that the whole constitutes 
aspherical calotte whose center coincides with the 
axis of rotation of the apparatus. This arrangement 
was adopted in order to avoid giving the tube too 
great a length, and also in order that the center of 
gravity may not be sensibly displaced, whatever be 
the quantity of mercury contained in the spirals, 

The tube, 8, is = vee fin a sort of gutter, Z, of metal, 
which serves to support it, and which is fixed toa piece 
of metal, A, that carries the axis formed of the two 
knives, B, of steel or other hard material, resting upon 
su rts, R, also of steel or other hard material. 

The height of the knives is sufficient to allow the 
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horizontal axis of rotation, constituted by the con- 
junction of the knives and supports, to be situated a 
little above the center of gravity of the apparatus. A 
regulating screw, M, placed at the upper part of the 
piece, A, permits of varying the sensitiveness. In the 
center of the spherical calotte formed by the spirals 
there may be fixed either an indicating needle, E, or 
any movable device capable of producing contacts, if 
it be desired to use the thermometer for indicating the 
variations of temperature at a distance. However, 
the inventor is now putting the last touches on a 
very complete registering apparatus designed to be 
actuated by the thermometer. 

Calculation of the Thermometric Reservoir, V.—In 
order to simplify this calculation, we shall take ac- 
count only of the expansion of the mercury contained 
in the reservoir, without occupying ourselves with that 
which is in the small tube, and the expansion of which 
is practically of no consequence. 

Let f be the motive force that it is desired to ob- 


1 
tain for a variation of 1° of temperature, and let — be 
m 


the ratio existing between the distances that separate, 
respectively, the point of suspension of the apparatus 
from the center of gravity of the reservoir and from the 
center of gravity of thesmall tube and its spherical 
volution constituting the long arm. 

If we deduct from the reservoir a weight, p, the ef- 
fect produced is the sawe as if there had been added 


yp 
to the long arm a weight —. 
m 


On another hand, if we 


We dedace from this : 


and finally “ 
m. 


2.20 +1) 


It will be seen from formula (1) that the difference of 
length of the arms is unfavorable in the sense that the 
weight of the quantity of mercury displaced acts with 
so much the less fotee in proportion as the ratio is 
greater ; but this arrangement has been employed in. 
order to render the apparatus lighter, and therefore 
more sensitive. ‘The maximum effect will be obtained 
with arms of equal length, for the weight p will then 
act with a force equal to 2 p. 

In order to establish the graduations, the formula of 
the sensitiveness of the balance is taken as a basis — a 
formula that gives the tangent of the angle described 
by the beam for a given load 

Instead of a spherical reservoir of wide diameter, 
the mass of which requires a certain time to take the 
temperature, it would be possible to adopt a spiral re- 
| servoir that would be more sensitive, 
| Finally, in order to render the apparatus lighter, 
|mereury might be left only ia the long arm, and the 

reservoir wight be filled with alcohol, which is very ex- 
pansible. But this arrangement would diminish the 
| precision of the instrument. Moreover, it has been 
tried already without much success.—Le Genie Civil. 
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THE PRACTICAL APPLICATION OF 
MAGNESIA CEMENT.* 
By CARL OTTO WEBER, PH.D. 


THE name of cement is applied to a certain class of 
chemical compounds which, when in the form of a fine 
| powder mixed with water, within a certain time form a 
| solid homogeneous mass of stone-like appearance and 
great hardness, One class of these cements, which we 
may roughly term alumina-lime silicates, hasdeveloped 
into an industry of the highest importance, producing 
millions of tons every year, although it is hardly 70 
years since the beginning of the manufacture of these 
products on a large scale. The literature, scientific 
and technical, of this branch of chemical manufactur- 
ing is of extraordinary dimensions, which is, however, 
not very astonishing, if we consider on the one hand 
the commercial importance of the article, on the other 
hand the very great complexity of this watter from a 
scientific point of view. 

There exists, however, besides the silicate of lime 
cements, a very great variety of other cements, some 
of which are used in workshops every day, but offer- 
ing, neither commercially nor scientifically, much to 
interest us. As competitors with the alumina lime 
silicates they are altogether out of the question. But 
there is a class of cements, the wagnesia cements, 
which certainly are deserving of more attention than 
has been paid to them up to now, although | do not 
mean to say that they will ever rival ordinary cement 
in any considerable degree. But on the other hand 
there can be no doubt that these cewents might easily 
find a considerable sale, so soon as the means are found 
to overcowe certain unwelecowe properties of them, 
which are the main impediment to their use. 

The hydraulic properties of magnesium oxide have 
been discovered by Vical, the same wan who may be 
considered the founder of the silicate of lime cement 
industry. Vical observed that freshly calcined mag- 
nesia hardens in contact with water, an observation 
which was confirmed by Macleod, but neither of the 
two seems to have followed up this experiment any 
further. The matter rested for wore than forty years, 
when Deville discovered that magnesia, obtained from 
chloride of wagnesium by calcination, and carbonate of 
lime formed a cement which under water sets to a mass 
in its outer appearance very much like marble, but 





now add tothis arm this sawe weight, p, it will act with 


considerably surpassing this material in hardness. 





a force equal to its own value, and the total effect pro- 
duced to influence the tube will be equal to 
p (1) 
p+— 
m 
We shall therefore have 


o- R 
p being the quantity 
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of expanded mercury necessary to cause the apparatus 
to operate with a force, f. This weight corresponds to 


d 
a volume o = — d being the density of the mercury. 
Pp 
Now, as this quantity 0 is necessarily the increase of 
the volume V of the reservoir for 1° of temperature, we 


o=V.a 





The inventor was therefore led to give the mercurial 
reservoir quite large dimensions, in order that the 





a being the coefficient of the apparent expansion of 
the mercury. 
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Deville found that the hardness these cements attain 
depends largely upon the density of the magnesia used. 

agnesia salts precipitated with alkalies yield a mag- 
nesia of great hardness, forming cements of a very poor 
quality, whereas the magnesia obtained from chloride 
of magnesium by calcination is of great density. To 
use Deville’s method for the production of this cement 
op a commercial seale isout of the question for econo- 
mical reasons. But considering the composition of 
Deville’s cement. magnesia and carbonate of lime, it is 
not surprising that experiments have been wade with 
a view to utilize dolomite, a natural magnesia-lime var- 
bonate, for the manufacture of the product in ques- 
tion. 

If dolomite is heated to a temperature below red 
heat, the carbonic acid of the magnesia carbonate, but 
not of the lime carbonate, is given off and the result- 
ing product is Deville’s cement. On further investize.- 
tion of this matter, Grace Calvert found that the 
hydraulic properties of this cement increase with the 
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proportion of magnesia which it contains, and that in 
strength and durability it is equal to a good average 
Portland cement. This standard, however, was subse- 
psa | contradicted by Erdmenger, who found these 
dolomite cements very much inferior to the average 
Portland cements. 

The interest which this class of magnesia cement at 
one time attracted by and by subsided, and to-day the 
question of dolomite cewents has sunk nearly into ob- 
livion. If we take into consideration that dolomite 
cements could be profitably produced at about two- 
thirds of the price of Portland cements, it is obvious 
that their qualities must be of suth an unsatisfactory 
kind as to render them unfit for successful competition 
with the silicate of lime cements. 

At about the same time Deville made his researches 
on the magnesia lime carbonate cements, Sorel dis- 
covered his magnesia cement, which he described 
as magnesium oxy-chloride. He produced it by 
forming a paste from a finely ground magnesium 
oxide and a solution of magnesium chloride from 30 to 
70 per cent. strong. This cement, which sets tolerably 
quickly, forming a very hard mass, considerably harder 
than warble, gives extraordinary high figures in the 
crushing test, and possesses a tensile strength equal to 
nearly one ton per square inch, which is about three or 
four times the tensile strength of a good Portland 
cement, 

It has the further advantages of being fairly cheap, 
producing splendid concretes with as imnch as ten times 
its own weight of indifferent materials, and having a 
beautiful white color, so that it appears searecly doubt- 
ful that if magnesia is going to win a place among 
the important cements, it will be in the form of Sorel’s 
cement or some improvement thereon. 

One of the most important items to be observed 


with magnesia cement is to use a magnesia of great | 


density and as free as possible from carbonic acid. 
few per cent. of carbonic acid absorbed by the burnt 
and powdered magnesia are sufficient to so consider 
ably interfere with its action as to render it absolutely 
useless, The reason of this is, not that the magnesium 
carbonate formed, by its chemical properties, prevents 
the formation of acement from the unchanged magnesia 
on the interaction of the solution of chloride of mag- 
nesium, but that the magnesium carbonate envelops 
each particle with a film entirely indifferent against mag- 
nesium chloride, and although in the center of each 
such particle the cementation takes place, that outside 
film of carbonate prevents the action from particle to 
particle, ¢. e., the agglomeration of the whole mass. A 
few days’ exposure of the magnesia to the atmosphere 
is quite sufficient to make this substance unfit for use. 

he magnesium chloride used for Sorel’s cement is 
the ordinary product as it is used largely in textile in- 
dustries. It is sold in casks, in which it forms a solid 
block of white color and crystalline texture,containing 
about 48 per cent. of pure MgCl. Of this salt Sorel 
recommends the use of a solution from 30 to 70 per 
cent. strong, but I found the results obtained are the 
more satisfactory the stionger the solutions used, and 
consequently L always use solutions about 80 per cent. 
strong. 

If from magnesia and such an 80 per cent. solution 
of magnesium chloride a paste is formed, it sets within 
a few hours to a solid white mass, the hardness of which 
still increases for some days. The time of setting toa 
great extent depends upon the temperature and the 
moisture of the air at the time the experiment is 
made, high temperature and little moisture consider- 


ably accelerating the setting, whereas low temperature | 
and moist atmosphere show a decidedly restraining | 


influence. 

The proportions of magnesia and magnesium chloride 
are of the greatest influence upon the qualities of the 
cement, I stated before that the cement produced 
was the harder the stronger the solution of magnesium 
chloride used, and this fact was already pointed out by 
Soret himself, This might seem to imply that the 
hardness of this cement could be improved by increas- 
ing the proportion of magnesium chioride which enters 
in the composition. But this is not so. The fact is 
that in working the cement with an 80 per cent. solu- 
tion of magnesium chloride, the strength of the cement 
deereases with increasing proportions of the chloride. 
The following series of experiments show this very 
clearly : 








. "Cle 6 aa. Tensile Strength 
No, MgO oo ter dent, Sol. Inch "Square 
1* 10 6 1,748 

2 10 8 1,300 

3 10 | 10 1,150 

4 | 10 } 12 1,028 

5 10 14 860 

7 


* Besides the above proportion of magnesia and magnesium chloride 1g 


part of water was used, as without this the mixtare appeared quite dry 
and had no plasticity. 


This shows distinctly enough that a mere increase 
in the proportion of the magnesium chloride is detri- 
mental to the cement, a fact which becomes still more 
prominent sowe time after the experiment, when first 
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| Tensile senate 
| MgCl, 6 aq. , a. 
No. MgO | go ter Sent. et. | Water. niet —_ 
6 10 | 7 0 | 1,468 
7 10 =| 6 1 1,784 
x 10 6 2 7380 
9 10 6 3 700 





Nos. 6 and 7 test were only made to check the cor- 
rectness of the tests Nos. 1 to 5, and are in perfect ac- 
cordance with them. Test No. 8 contains the same 
proportions of magnesia and wagnesium chloride as 
test No. 7, but double the quantity of water, and the 
result is acement not half as strong as the latter; and 
still worse is No. 9 with 3 parts of water, notwithstand 
ing the fact that the quantity of magnesium chloride 
is the same in each of the three samples. Sample No. 
7 never shows any swelling or hair cracks, but the sam- 
ples No, 8 and No. 9 are in this respect as bad if not 
worse than samples No. 4 and No, 5. 

These results show that the water of the solution of 
magnesium chloride plays a very important part in 
these cements, and acts not simply asa solvent. This 
is further shown by the fact that a solution of mag- 
nesium chloride in absolute aleohol does not form any 
|cement with magnesia, no matter how long it is in con- 
|tact with it, as long as the moisture of the air is ex- 
| cluded. 
| Sorel considered his cement simply as an oxychloride 
of magnesium, but this compound, very probably, does 

not existat all. All the samples I deseribed contain a 
very considerable quantity of water, of which only a 
| very small part is given off at 100° C.; and even at 200 





|C. not more than 70 per cent. of the total water the 
| cement contains is expelled. From this we have to con- 
clude that the setting of Sorel’s magnesia cement is 
one and the same process as the setting of the Portland 
cements, 7. e., assimilation of water, this process of as- 
similation evidently being facilitated by the presence 
of wagnesiuim chloride. 

According to this, we shall have to describe this 
| cement as hydroxychloride of magnesium. Bender, 
|to my knowledge, was the first to point this out. 
| Bender evidently used a magnesium chloride solution 
| containing about 50 per cent. MgCl, 6 aq., as the com- 
»0sition answered the formula MgCl, +5 MgO + 17 
|H,O. This cement lost 3 H,O in the desiccator at ordi- 
| nary temperature, 9 H.O at 100° C., 11 H,O at 180° C. 
| On treating the cement with cold water, it lost MgCl., 
and the composition of the remainder answered the 
formula MeCl, + 9 MgO + 24 H.O. Boiling water re- 
moves the magnesium chloride entirely, resulting in a 
cement of the formula 2 MgO, 3 H,O, and Bender fur- 
ther adds that neither the treatment with cold nor 
| with hot water has any destructive effect upon the ag- 
glomerated cement. 

My experiments do not corroborate this statement, 
|nor is it in accordance with the results of the experi- 

ments made on a large scale with Sorel’s cement. It is 
perfectly correct that water extracts MgCl, from the 
cement, which assimilates a proportionate amount of 
water, but this reaction invariably destroys the ag- 
giomeration of the cement; still more so if boiling 





water be used. This effect, produced by the action of | 


water, nakes Sorel’s cement utterly useless for outdoor 
purposes, where it would be exposed to the influence 
of atmospheric moisture, and on that seore failed all 
experiments on a large scale. The Union Stone Com- 
pany in Boston, U.S. A, used Sorel’s cement for the 
manufacture of artificial stones and emery wheels, and, 
as far as I am aware, the artificial stones were a failure. 
How the emery wheels turned out is not stated, but I 
| am afraid the results were not very gratifying, as my 
|} own experience showed that emery wheels made from 
Sorel’s cement are rather dangerous in use. They may 
for some time run right enough, and work extremely 
well, but they suddenly burst without any ap- 
parent cause. These very serious drawbacks are suffi- 
cient explanation that Sorel’s cement, in spite of its 
cheap price and other advantages, is very little used. 
If, instead of the magnesium chloride, a substance 
could be found which would form an insolnble com- 
pound with magnesia and at the same time have the 
same active properties with regard to the hydration of 
the magnesia, all these drawhacks would at once cease 
to exist, and, no doubt, the magnesia cement would 
forthwith take its place as a cement of the first order, 
admirably adapted for the manufacture of artificial 
stones for building, ornamental, and a number of other 
purposes. Already Sorel hinted that magnesium 
chloride might be dispensed with and other compounds 
used instead, but at the same time he did not mention 
any compound better suited to the purpose than mag- 
nesium chloride. I experimented with chloride of 
potassium and chloride of sodium, both of which act 
in a similar way as the chloride of magnesium, but 
certainly with no better results. The chlorides of the 
alkaline earths do not answer at all, nor do any of the 
sulphates of the alkalies or alkaline earths. But there 
| is a decided action by silicic acid, or such of the 
| silicates which, being treated with hydrochloric acid, 
| produce gelatinous silicie acid. I experimented with 
| powdered flint, infusorial earth, hydrated silicic acid, 
|and anhydrous silicic acid, the last two named pro- 
duced from a solution of silicate of soda by addition 
| of hydrochloric acid. The silicates I used were silicate 





hair cracks appear on No. 5 sample, which in due time | of soda, silicate of magnesia, and silicate of lime. 
develop into gaping fissures, owing to a swelling of the | Powdered flint, as will be expected, showed extremely 
cement after setting. Samples 3 and 4 show the same | little, if any, action, although it had been most care- 


phenomenon, only in a somewhat swaller degree, the 
amount of swelling being djstinetly in proportion to 
the amount of magnesium chloride the samples con- 
tain. Samples | and 2 remain perfect for any length 
of time. 

Considering these facts, we must come to the con- 
clusion that if the stronger chloride solution produces 
stronger cewents than a weaker chloride solution, this is 
not due to the relative increase in magnesium chloride, 
but to the decrease of the water of the solution. The 
correctness of this conclusion is borne out by another 
series of experiments. Sample No. 1 of the previous 
series showed the highest tensile strength and stability, 
and to find out the influence of water, or what comes 
to the same, of solutions of magnesium chloride less 
than 80 per cent. strung, I added to the various cement 
mixtures varying quantities of water : 


fully incorporated to the magnesia ; the cement it pro- 
duced took considerable time in setting, and was only 
moderately strong. Infusorial earth gave considerably 
better results,the cement setting very quickly and show- 
ing considerable hardness and strength. ydrosilicic 
acid acted so suddenly that it was past the maximum of 
its action before it was properly mixed witL the magne- 
sia. Precipitated anhydrous silicic acid proved the best 
of the series, producing after ten hours’ setting a very 
hard and in every respect very strong cemeyt of perfect- 
ly white color. Silicate of soda forms with magnesia a 
paste which very soon hardens, without, however, pro- 
ducing a cement of any remarkable properties. he 
silicates of magnesia and lime behave very much like 
the soda silicate, but take a longer time to set than 
the latter. Of the whole series, the precipitated anhy- 
hydrous silicic acid showed to best effect, and was 





further proceeded with. A series of experiments was 
made to ascertain the best proportion of magnesia 
and silicie acid : 











Time for Setting, Tensile Streng.h 
No. MgO. Si0,, in per 
Hours, Inch Square. 
10 100 5 32 211 
| ll } 100 7 4 313 
12 | 100 10 15 TRO 
13 100 15 M4 1,300 
4 100 25 12 we 
15 100 30 19 ow 








To get reliable results it is necessary to incorporate 
the silicie acid with the maguesia as carefully as possi- 
ble, otherwise the repetitions of one aud the same test 
may nearly as widely differ in the figure representing 
the tensile strength as any two of the above tests 
differ from each other. 

This shows that about 15 per cent. of silicie acid are 
required to give the best result as regards the strength 
of thecement. Test No. 14 was quicker iv setting, but 
considerably weaker. But even No. 15, the strongest 
of the series, remains considerably behind the figures 
we found for the magnesium chloride cements ; but on 
the other hand, these cements made with silicic acid are 
perfectly indifferent against water. cold or hot, and 
under no circumstances begin to swell after setting. But 
a difficulty in the practical use of these cements would 
be their very great liability to become inert so very 
soon after exposure to the atmosphere. Two or three 
hours’ exposure | found quite sufficient to nearly anni- 
hilate the hydraulic properties of this cement mixture. 
This is certainly a very serious drawback, as in practical 
use it would mean a great deal of waste ; but it can be 
overcome simply by mixing the silica magnesia cement 
with asolution of magnesium chloride instead of water. 
The cement thus formed sets in about ten hours, and 
forms an extremely hard mass, which in strength even 
surpasses Sorel’s cement. without sharing the unwel- 
come properties of the latter. Water takes up magne- 
sium chloride from this cement as from Sorel’s, but no 
expansion is noticeable. ‘TTreatwent with cold water 
is quite sufficient to extract all the wagnesiuim chlo- 
ride, the place of which in the cement is taken by 
water hydrating the magnesia. 

The adwixture of silicic acid with Sorel’s magnesia 
cement makes the latter closely related to the hydrau- 
| lie mortars as well as the Portland and Roman cement, 
| as the formation of a hydraulic magnesium silicate in 
| that mixture is beyond doubt. On treatment of this 
new cement, after setting, with hydrochloric acid, it 
slowly decomposes. The whole of the magnesia aud 
about 30 per cent. of the total silicic acid contained in 
such a cement are in solution, the rest of the silicic 
acid appearing in the gelatinous state. The best pro- 
portions for the preparation of this new cement | 
found to be: 


100 magnesia, 
15 silicic acid. 
90 magnesium chloride solution, 80 per cent. 


This cement is of a tensile strength equal to 1,788 lb. 
per inch square, the most important part being the 
mixing of the magnesia and silicie acid, which must be 
done as carefully as possible. Absorption of carbonic 
acid previous to use to the extent of about two per 
cent. has scarcely any effect upon it; a larger propor- 
tion acts in precisely the same manner as in the other 
magnesia cements, and must be avoided. 

The practical application of a magnesia cement free 
from the defects pointed out above will be very great 
indeed, owing to its cheapness, remarkably fine color 
and great agglomerating capacity, many times surpass- 
ing that of Portland cement. As far as my personal 
experience goes, magnesia cement is a material of the 
first order for the wanufacture of artificial stones for 
ordinary building and ornamental purposes, for the 
manufacture of emery wheels, and for the production 
of artificial lithographic stones. Only in the first of 
these applications named can it be said to enter into 
competition with Portland cement, the other applica- 
tions being altogether beyond the scope of the latter. 
Whether magnesia cement will ever be capable of com- 
peting with Portland cement in general concreting 
work and constructions under water I am hardly able 
to give an opinion yet, but it may interest you to hear 
that I employed it successfully for the construction of 
engine beds, the results also from an economical point 
of view being highly satisfactory. 

The materials which can be utilized for the manufac- 
ture of artificial stones from magnesia cement are pre- 
ferably such containing silica or silicates. Sand, crush- 
ed granite, porphyry, glass, Yorkshire and Cheshire 
sandstones, and the like answering very well. The 
quantity of cement to be used depends very little on 
the chemical nature of the filling-up material, but is 
very considerably influenced by the coarser or finer 
granulation of the materials used. The strengths such 
mixtures attain is, however, quite independent of the 
degree of granulation, as under all circumstances we 
are able to produce from any of the above filling-up 
materials with magnesia cement a composition very 
much stronger than the cement itself. This seems a 
very remarkable fact, and a few examples may serve 
to illustrate it. 1 used in the following series of experi- 
ments emery simply because this material is readily 
obtainable crushed to a number of standard sizes, the 
grains varying in size from 44 of an inch (emery No. 6) 
to s$y of an inch (emery No. 200 or emery flour). The 
samples were always tested one week after they had 
been made, as it was found that after this time they 
gain in four months about tive per cent. only in 
strength. 

‘This series clearly shows the remarkable fact above 
referred to, ¢. e., that mixtures of magnesia cement and 
indifferent mineral materials produce compositions at 
least as strong as the cement itself, and eventnally twice 
as strong. But this result is subject to certain condi- 
tions, the most important of which is that the cement 
mixture used must be such as to allow each particle of 
the filling-up material to be got perfectly coated with 
it, after which the mixture must remain of a rather 
moist, not dry and sticky, appearance. There are, of 
course, two ways of arriving at this end, the one he- 
ing to use a rather thin flowing cement mixture to start 
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witb, or to use a larger quantity of a drier cement 
mixture. Of these two ways, I found the first to 
give the better result. The strongest cement mixture 
I produced is No. 1, viz., 10 parts of magnesia and 6 of 
magnesium chloride solution ; these proportions pro- 
duce a very dry mixture, and you will see that in com- 
bination with emery it yields acomposition very wuch 
inferior in tensile strength toa similar combination 
made with No. 3 cement, although the latter in its pure 
state is very much weaker than No.1. Experiments 
Nos 16, 17, and 18 all contain the same cement mixture, 
but vou see how the strength is increased simply by 
using larger proportions of it, that is making the com- 
bined mixture of cement and emery moister. The im- 
portance of this point is still better illustrated by using 
the finer emery, 24or 36. You will notice that the 20 
per cent. compositions, Nos. 16, 20, and 23, show a great 
falling off in strength corresponding to the finer granu- 
lation of the emery, but in every instance the 40 per 
cent. compositions, Nos, 18, 22, and 25, show the same 
strength. By using more than 40 per cent. of the ce- 
went mixture no further increase in strength is ob- 
tained ; on the contrary it begins to decrease, and at 
about 80 per cent. the combined mixtures show the 
same strength as the corresponding pure cement. 
Emery flour, however, forms the exception of the rule, 
as it reaches its maximum strength with 60 per cent. 
cement. It never attains the strength we could obtain 
with coarser material, but on the other hand we reach 
the mimimum strength, that is the strength of the 
pure cement, only in using equal parts of cement and 
emery flour. 

Cement No. 1 forming an exceedingly stiff paste, it is 
quite clear that, although it is about the strongest 
magnesia cement which can be produced, it will never 
give satisfactory results in combination with indiffer- 
ent materials. Of course it might appear that its ex- 
cessive stickiness by addition of water could beso re- 
duced as to give it the required fluidity, but if you 
look at experiment No. 28, which represents the strong- 
est compound [I could obtain under these conditions, 
you will see, although it is much stronger than the cor- 
responding experiment No. 19, still it remains consider- 
erably behind the strength of the pure cement. This 
wight still be accounted for by deficient fluidity, and 
no doubt itis; but by adding more water, as in experi- 
ment No. 29, you see that the result shows the contra- 
ry of an improvement. Thisis evidently due to the 
detrimental influence of the water as shown by the ex- 
periments 8 and 9, and also by No. 30, which otherwise 
corresponds to No. 18. 
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Considering the great strength of compounds of mag- 
nesia cement, it will appear that itis very well adapt- 
ed for the manufacture of emery wheels, and indeed 
it has been used for this purpose for some time ; but 
such an emery wheel is scarcely safe enough in use, for 
reasons I pointed out before. If, however, to Sorel’s 
magnesia cement the silica magnesia cement be sub- 
stituted, the wheels produced are of remarkable tough- 
ness, and perhaps as safe as the emery wheels consider- 
ed the safest of all, namely, those made with India 
rubber as cohesive matter. The proportion of cement 
in the magnesia emery wheels ought not to be less than 
20 per cent. of the emery ; it never exceeds 50 per cent. 
Of a somewhat similar nature is the use of this cement 
forthe manufacture of millstones. The face of these 
stones can be made from emery with a backing of 
crushed flint. Such millstones are in hardness, lasting 
quality, and general efficiency very much superior to 
natural stones, especially for the grinding of very hard 
material. For corn grinding they are not so well 
adapted, though they are used very extensively for the 
shelling of rice. 

The future of the magnesia cement seems, however, 
to lie in its application for the manufacture of artificial 
building stones, as very small percentages of the ce- 
tTaent are required to form remarkably strong stones. 
Nearly any mineral material can be used for this pur- 
pose, and especially good results can be obtained 
with mixtures of sand and not too coarse pebble or 
gravel. The stones may be colored, or given an orna- 
mental face backed by ordinary material ; in this way 
stones are obtained which at very moderate cost re- 
semble in appearance polished marble or granite. The 
tmost important question with regard to these stones is 
of course whether they will resist the influence of the 
atmosphere as well as a good natural building stone. As 
far as artificial stones from Sorel cement are concerned, 
this question must be answered inthe negative; but 
stones made from the silica of magnesia cement with- 
stood the influence of the atmosphere for over 12 months 
without showing the slightest sign of deterioration. 
Among the specimens I brought here to-night you 
will find some which have been exposed for a con- 
ray apaee period without in any way looking the worse 

it. 

A few experiments which I made with a view to pro- 
duce artificial lithographic stones proved very success- 
ful, in so far as the stone I obtained behaved in practi- 
cal use in every respect like the natural lithographic 
stones from the Bavarian quarries, but did not yield 
the same number of impressions as the latter. This 
difficulty, however, I consider not very difficult to 
overcome, as it merely seems to be a question of the 


commercial importance, as up to now the trade in 
lithographic stones is monopolized by the Bavarian 
quarry owners. 








(Natvure.] 


PHOTOGRAPHIC PERSPECTIVE AND THE USE 
OF ENLARGEMENT. 


Ir is not uncommon to hear it remarked that photo- 
om py make hills look low, or that they make things 
ook ‘‘ such a long way off ;’ and that they do so in a 
great many cases is perfectly true. 

In explanation of the —— lowness of photo- 
graphed mountains, I have heard it suggested that the 
eye judges horizontal and vertical distances by dif- 
ferent standards, and this, too, is —— the case ; 
but since there is a horizontal and e@ vertical in a pic- 
ture as well as in nature, the eye ought to form similar 
judgments on both. 

The true meaning of the appearances alluded to, 
though they admit of a most simple explanation, is not 
as generally understood as might be expected. 

The fact is that they depend merely on perspective. 

In elementary books on drawing there often appears 
a diagram in which imaginary threads are supposed 
to be stretched from every point of an object, through 
an upright sheet of glass, and to intersect in some 
point behind it. The trace of these threads on the 
glass will there form a picture of the object which isin 
true perspective, when viewed from the intersection of 
the threads ; and if the proper amount of light, shade, 
and color be supposed to be added, this picture, to the 
single eye so placed, would be absolutely undistin- 
guishable from the object itself. 

But now suppose the eye is not at the place of inter- 
section of the threads, but a certain distance farther 
off or nearer to the glass. It is evident that the appa- 
rent angular magnitude of every object in the picture 
is altered in the ratio of the distance of the intersection 
of the threads to the distance of the eye from the glass. 
Bat this is exactly what would be the case if, keeping 
the eye at the intersection of the threads, a new 
picture were formed on the glass either by altering the 
size of the real objects in this ratio, or their distance 
from the glass in the inverse ratio. 

For instance, let the objects forming the picture be 
two towers, one say half a mile off and the other a 
mile, and suppose that the intersection of the threads 
is one foot behind the glass; tothe eye placed at that 
distance the towers in the picture wil! subtend the 
same angle as they do in reality ; but if the eye be 
moved a foot further from the glass, these angles will 
be halved, and the same picture will then fall on the 
retina as would be formed there were the eye one foot 
from the glass and the towers only half their actual 
size, or if they were removed to the distances of one 
mile and two miles respectively. 

Thus by viewing the picture from the wrong distance, 
either the apparent size of the objects represented by it 

true distance 

is multiplied by ratio —————_———_ 
wrong distance 

wrong distance 

distances by ——-——_—————_ 

true distance 
Putting this in symbols, for the sake of simplicity 
and brevity, we have, if D — true distance of an 
object from the point of view, A — its real linear mag- 
nitude, F — distance at which the picture must be 
viewed in order to convey a correct impression of D 
and A. Thenifd and a are the values corresponding 
to D and A when the picture is seen from the distance 


, or their apparent 


tf, we have d — > D when A is judged correctly ; 


a —— A when D is judged correctly. Of course both 
A and D may be misjudged, but apparent and true 
distances in sizes are still connected by the relation 

ad = AD. 

In a photograph, F is the focal length of the lens 
with which it was taken, and f the distance at which 
it is looked at. Thus, if, as is generally the case with 
all moderate sized pictures, the focal length of the lens 
is less than the distance one would naturally hold the 
picture at for convenient view, the inevitable result is 
either that the apparent distances of the picture are 


greater than the real ones in the proportion of r or 
that the apparent sizes of the a represented in it 
are reduced in the proportion —, or a combination of 


both these wrong impressions is produced. 

Which of these effects or what combination of them 
is suggested depends much on the nature of the pic- 
ture itself. 

In interiors taken with a wide-angle, short-focused 
lens, distances are enormously exaggerated, while in 
landscapes it is generally the sizes of things which seem 
diminished. 

Asa rule, it may be said that objects which do not 
themselves suggest any scale will be made to look 
small, while those which do, such as men, houses, etc., 
will nope distant. 


When — is greater than unity, 7. e., when the pic- 


ture is viewed too near, the reverse of the above effects 
is seen ; and as far as the perspective is concerned, the 
scene is being viewed through a telescope. 

The magnifying power of a telescope is the focal 
length of the object-glass divided by the focal length 
of the eye-piece, or, in other words, the distance from 
the lens at which the image is formed divided by, the 
distance from which it is viewed. 

If the focal length of the eye-piece is the same as 
that of the object-glass, there is no magnification, and 
in the field of the telescope will be seen an exact 
reproduction of the natural view. 

hen, however, by shortening the focal length of 
the eye-piece, magnification is obtained, foreshortening 


F 
of all the distances in the ratio — naturally takes place. 


ing way by looking from a railway bridge along a 
straight piece of line at an approaching train. 

Supposing the train to be traveling at forty miles 
per hour, if the telescopic power be forty, the apparent 
rate of negeness will be only one mile per hour. 

what has been said, it will be clear that just 
the same laws apply to photographic pictures (or any 
pictures in true perspective) as to telesvopic images, 
and that there is only one distance at which they will 
convey a correct impression to the eye. 

This being so, it is evident that any photograph 
taken with a lensof less than about a foot focal length 
must exaggerate all the distances, or make objects in 
the picture look smaller than they should, and the 
only remedy for this is to enlarge the picture until the 
right distance to view it from becomes also the con- 
venient distance. 

Even if this be done, however, there is still a ten- 
dency to view the picture too far off; for few le 
except those for portraits, embrace an angle so smal 
as to be taken in at a single glance, and people are 
naturally inclined to stand far enough from a picture 
to see the whole of it at once. 

Still, a proper amount of enlargement offers the 
best means of making a photograph give a true idea of 
the scene which it represents; and this is especially 
true of the small pictures taken by so-called ‘‘ detec- 
tive” cameras, having lenses varying from four to six 
inches in focal length ; and it is for this end, and not, 
in general, to enable more detail to be seen, that the 
enlarging process is most useful. 

Of course, negatives for enlargement must be well 
enough defined to bear being examined from the focal 
distance of the lens which took them, or less than this 
(since detail is lost in the enlarging process), and many 
which would pass wuster well enough when held a foot 
or more off will be found imperfect when looked at 
from the lesser distance. 

In a subsequent article I will, if the editor permits, 
enter more fully on the subject of photographic defini- 
tion and its limits, both as they depend on the nature 
of the various sensitive films and on the lenses by 
which the image is formed. A. MALLOCK. 








AN INCANDESCENT LAMP FACTORY IN 
THE NORTHWEST. 


By W. ForMAN COLLINS. 


AMONG the new and important industries of the 
Northwest, a section of the country that has had an 
unprecedented and remarkably rapid growth during 
the past few years, is the incandescent lamp factory 
recently started by the Standard Lamp Company, of 
Appleton, Wisconsin. The new company is strongly 
backed financially and the field for its operation is 
very extensive, as evinced by the large volume of basi- 
ness already being done by the new concern, although 
of comparatively recent organization. 

The writer having been cordially invited to a 
the new lamp industry has embodied his observations 
during a pleasant visit there in the following, which, 
it is hoped, will prove of interest and possibly instruc- 
tive to those not versed in the process of incandescent 
lamp manufacture. 

The factory of the company is located on the Fox 
River, on the lower dam, and comprises three build- 
inge, the largest of which is 150 x 80 and three stories 
high, the others being somewhat smaller and only two 
stories in height. In the main building is located the 
dynamo room, and it is worthy of notice here that this 
jw | is entirely operated by water power, being, 
probably, the only lamp factory so operated in the 
country. Five dynamos are employed, two each of 
150 volts and 250 lights capacity, of the Mayo pattern, 
direct current ; two of volts and 50 amperes, used 
for treating purposes ; and an alternating current ma- 
chine of 500 volts and 50 amperes capacity, which is of 
special design and has been imported from Paris, and 
used for a special and improved method of treating the 
50 volt lamps. 
The water at 
from three Leff 
by. a new electrical regulating device, designed by 

essrs. A. F. & E. L. Oppermann, the electricians of the 
company. This apparatus maintains the power con- 
stant within a variation of one per cent. under ail 
changes in load and enables the greatest uniformity to 
be obtained in the product. Another noticeable fea- 
ture isan Archimedean screw for forcing the mercury 
into the pumps, dispensing altogether with the vacuum 
power pump. 

The carbonizing room occupies all the remaining por- 
tion of the lower floor and is fitted up with specially 
designed furnaces for the carbonizing of the filaments. 
On the next floor is the glass room, in which the glass 
blowers are at work sealing in lamps and makin 
pumps, ete. The pump room is also on this floor, a 
at present there are 120 pumps in operation. These 
are of a specially modified Sprengel type, adapted for 
obtaining the highest possible vacuum, and having 
several improvements over the ordinary Sprengel, be- 
ing designed by Mr. W. H. Sauer, superintendent of 
the giass department, and whose efforts in this line 
are well known. The socketing and lamp base depart- 
ment is also on this floor. 

The third floor is entirely devoted to the testing 
room, whic! is fitted up throughout with the neces- 
sary testing apparatus. For this department, Messrs. 
Queen & Co., of Philadelphia, are now engaged in 
manufacturing a new pattern photometer of the most 
delicate sensibility to meet the requirements of the 
constantly increasing business, 

The treating department is provided for in the larger 
of the two other buildings and occupies both floors. 
This process is of a secret nature, but as the writer was 
courteously permitted to inspect this work, he had an 
opportunity to notice the extreme care and precision 
with which every portion of the work, down to the 
most minute details, is carried out, and he can say 
from practical demonstration that the toughness and 
homogeneity obtained by this process must necessarily 
be conducive to long life and high efficiency. Ten sets 
of treating apparatus are emeuepes in this department 
and it is remarkable with what dispatch and facility 
the work is accomplished under this system. The 
greatest care has been taken to prevent danger from 


premee utilized is 225 h. p., obtained 
el water wheels, which are controlled 


fire, and should one break out it will be met with an 








absorbing qualities of the stone. The artificial pro- 
duction of these stones would be a matter of no small 


This may be practically illustrated in rather a strik- 





efficient system of grenades and portable fire engines. 
The other two-story — 


erred to above, is 
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utilized asa warehouse and in it are stored a large 
stock of globes and raw material employed in an exten- 
sive manufacture of incandescent lamps. 

It will no doubt be of considerable interest to give 
some details regerding the manufacture of these lawps 
which the writer has had the privilege of carefully in- 
specting, from the raw material to the finished lamp. 
Commencing with the filament, which is made from a 
peculiar kind of silk thread expressly manufactured 
for this purpose, of an exceedingly close texture and of 
remarkable strength in proportion to its cross section, 
the procees of making a complete lamp is as follows: 
‘Lhe silk thread is first subjected to a chemical treat: 
ment which destroys entirely the animal matter, leav- 
ing a structure of great density and strength, and 
possessing new properties, not heretofore inherent in 
thesilk, whiéh have the very desirable result of length- 
ening considerably the life of the filament and expung- 
ing those elements which usually cause blackening or 
discoloration after comparatively short use. This pro- 
cess, as far as the writer knows, is peculiar in its entirety 
to the standard lamp. 

The next operation is to wind the chewieally pre- 
pared fibers on to blocks of hard gas retort carbon of 
the shape and form of the intended filaments. This is 
effected by means of a winding machine which insures 
an even and equal tension and maintains the fibers 
evenly distributed upou ie carbon block forms. A 
binding thread is then wound around the blocks and 
fibers at right angles, thus holding them firmly in 
place upon the block, after which the bottom ends of 
the fibers are severed. The whole arrangement is then 
placed in the carbonizing retort among a number of 
others of similar character, all being embedded in a 
carbonaceous compound, and the retort is then placed 
in a special furnace and maintained at an even white 
heat which is carefully regulated and maintained for a 
number of hours. 

After this baking process the fibrous filaments are 
taken from the crucible and removed from the carbon 
blocks and cut to the requisite length to give the de- 
sired resistance for the voltage required. They are 
now found to possess a very different appearance, hav- 
ing become transformed to a carbonized fiber of a 
highly homogeneous structure, possessing great hard- 
ness and resilience. 

At this point it is necessary to digress somewhat and 
explain the modus operandi of preparing the stems in 
which the filaments are mounted. In the first place, 
the platinum wires for making connection between the 
filament inside the globe and the cap or lamp base are 
cut to the necessary length and their ends are then 
separately flattened out by means of a press and formed 
into minute tubes by passing them through a draw 
plate. The wire is then given to the glass blowers, who 
bend it into a loop and insert it in a small glass tube 
which, in the manufacture of these lamps, is of a pre- 
pared black glass, which is found to make a closer 
union with the glass of the globe itself when joined 
together by fusion than if ordinary white glass is 
employed. 

he small glass tube containing the platinum wires 
is then heated in the blowpipe flame and the ends of 
the wires having the small tubesin them are drawn 
apart, thus changing the stilt or stem from a round 
tube into a flattened V-shaped form with the wires in- 
timately embedded therein, thus enabling an air-tight 
joint to be made with the globe. 

We can now return to the filament which is mounted 
in the above described stem by inserting its ends in the 
tubes of the platinum wire formed to receive them, 
which are then compressed around the ends of the fila- 
ment and the junctions electrically welded together, 
thus forming a perfect mechanical and electrical union 
between the two. The mounted filament is now sub- 
jected to a further electrical treatment peculiar to this 
lamp, which gives to the filament the remarkable pro- 
perty, claimed for it, of increasing in light-giving pro- 
perties after the first 100 hours’ run, instead of deterio- 
rating, as .s often the case. 

The mounted filament is now complete and ready 
for inserting in the globe ; but before this can be done, 
the globe itself must receive some attention. The 
lobes are blown, in the case of the 16 c. p. lainps, and 
moulded, when required for larger size lamps, in a pear 
shape having a long neck of a width sufficient to allow 
of the insertion of the filament. The rounded portion 
of the globe is, at this stage, perfeetly smooth, not 
having the small excrescence or point seen on the coi- 
pleted lamp. The first thing to do is to ‘‘tubulate” 
the globe, for exhausting, which is accomplished by 
fusing a straight piece of glass tube about three inches 
long to the center of the rounded portion of the globe, 
for the purpose of attaching the lamp to the mereury 
pump. The globe is now ready to receive the mounted 
filament. The platinum loop on the mount being first 
cut, so as to form two ends, the whole is then placed 
inside the globe, through the neck, which is thereupon 
heated and melted off at the required length, leaving 
the stem of the filament sealed to, and in the center 
of, the neck of the globe. Copper wires are next at- 
tached to the platinum ends and the neck of the globe 
is again heated and the filament pushed down with 
the aid of the copper wires as far in the globe as de- 
sired, thus, so to speak, turning over a portion of the 
neck into the lamp. 

This completes the glass blower’s work and the lamp 
is now given to the pumpers for exhaustion and is 
placed on the pump by means of the glass tube re- 
ferred to above, and exhausted till a perfect vacuum is 
attained. This having been secured, the lamp is sealed 
off by means of a small blowpipe flame at the point of 
union of the glass tube and the rounded portion of the 
globe, leaving the familiar point or tip, above men- 
tioned. All that now remains to do is to test the lamps 
for candle power and to detect the presence of any 
fault or defect in the lamp, should it exist, which is 
done by giving them a three hours’ run, after which 
they are placed in the various kinds of lamp bases for 
use in sockets of different systems, sorted according to 
voltage, candle power and style of base, and placed in 
racks ready for packing and shipment. 

This completes the necessary cycle of arrangements 
to be gone through in the production of what, when 
finished, appears to be such a simple piece of appara- 
tus. Itis unnecessary to state that throughout these 


processes the wost delicate and painstaking care is 
taken to prevent the presence of any defect and pro- 
duce for the market a highly efficient, durable and suc- 
cessful lamp, 


The whole manufacture of these lamps 


is conducted under the supervision of Messrs. Opper- 
mann, to whose inventive genius the various special 
methods and devices used are due.—Hlectricaul HEngi- 
neer. 


ON VARIATIONAL ELECTRIC AND 
MAGNETIC SCREENING.* 


By Sir W. TxHomson, P.R.S. 


§ 1. A SCREEN of imperfectly conducting material is 
as thorough in its action, when time enough is allowed 
it, as isa similar screen of metal. 
against rapidly varying electrostatic force, its action 
lags. On account of this lagging, it is easily seen that 
the screening effect against periodic variations of elec- 
trostatic force will be less and less, the greater the fre- 
quency of the variation. This is readily illustrated by 
means of various forms of idiostatic electrometers. 
Thus, for example, a piece of paper, supported on 
metal in metallic communication with the movable 
disk of an attracted disk electrometer, annuls the at- 
traction (or renders it quite insensible) a few seconds of 
| time after a difference of potential is established and 
| kept constant between the attracted disk and the op- 
posed metal plate, if the paper and the air surround- 
ing it are in the ordinary hygrometric condition of our 
climates. But if the instrument is applied to measure 
a rapidly alternating difference of potential, with equal 
differences on the two sides of zero, it gives very little 
less than the same average force as that found when 
the paper is removed and all other circumstances kept 
the samme. Probably, with ordinary clean white paper, in 
ordinary hygrometric conditions, a frequency of alter- 
nation of from 50 to 100 per second will more than suffice 
to render the screening influence of the paper insensible. 
And a much less frequency will suffice if the atmo- 
sphere surrounding the paper is artificially dried. Up 
toafrequency of millions per second, we may safely say 
that, the greater the frequency, the more perfect is the 
annulment of screening by the paper; and this state- 
ment holds also if the paper be thoroughly blackened 
on both sides with ink, although possibly in this con- 
dition a greater frequency than 50 to 100 per second 
might be required for practical annulment of the 
screening. 

$2. Now, suppose, instead of attractive force between 


























two bodies separated by the screen, as our test of elec- 
trification, that we have as test a faint spark, after 
the manner of Hertz. Let two well insulated metal 
balls, A, B, be placed very nearly in contact, and two 
much larger balls, E, F, placed beside them, with the 
shortest distance between E, F sufficient to prevent 
sparking, and with the lines joining the centers of the 
two pairs parallel. Let a rapidly alternating difference 
of potential be produced between E and F, varying, 
not abruptly, but according. we may suppose, to the 
simple harmonic law. Two sparks in every period will 
be observed between A and B. The interposition of a 
large paper screen between E, F on one side and A, 
B on the other, in ordinary hygrometric conditions, 
will absolutely stop these sparks, if the frequency be 
less than, perhaps, four or five per second. ith a fre- 
quency of 50 or more a clean white paper screen will 
make no perceptible difference. If the paper be 
thoroughly blackened with ink on both sides, a fre- 
quency of something more than 50 per second may be 
necessary, but some moderate frequency of a few 
hundreds per second will, no doubt, suffice to practi- 
cally annul the effect of the interposition of the screen. 
With frequencies up to 1,000 million per second, as in 
some of Hertz’s experiments, screens such as our black- 
ened paper are still perfectly transparent; but if we 
raise the frequency to 500 million million, the influence 
to be transmitted is light, and the blackened paper be- 
comes an almost perfect screen. 

$3. Sereening against a varying magnetic force fol- 
lows an opposite law to screening against varying elec- 
trostatic force. For the present, I pass over the case 
of iron and other bodies possessing magnetic suscepti- 
bility, and consider only materials devoid of magnetic 
susceptibility, but possessing more or less of electric 
conductivity. However perfect the electric conduc- 
tivity of the screen may be, it has no screening effi- 
ciency against a steady magnetic force. But if the 
magnetic force varies, currents are induced in the ma- 
terial of the sereen which tend todiminish the mag- 
netic force in the air on their remote side from the 
varying magnet. For simplicity we shall suppose the 
variations to follow the simple harmonic law. The 
greater the electric conductivity of the material, 
the greater is the screening effect for the same fre- 
quency of alternation ; and the greater the frequency, 
the greater is the screening effect for the same material. 
If the screen be of copper, of specific resistance 1,640 
sq. cm. per second (or electric diffusivity 130 sq. cm. 
per second), and with frequency 80 per second, what I 





But if it be tried | 


have called the “ mhoie effective thickness "* is 0-71 of 
a cni.; and the current intensity at depth m x 0°71 em 
from the surface of the screen next the exciting mag- 
net is e* of its value at the surface. 

Thas (as ¢* = 20°09) the current intensity at depth 
2°13 em. is one twentieth of its surface value. Hence 
we may expect that a sufficiently large plate of copper 
of 244 em. thick, or more, will be a little less than 
perfect in its screening action against an alternating 
magnetic force of frequency 80 per second. 

$4. Mr. Willoughby Smith's experiments on ‘‘Volta- 
electric induction,” which he described io his inaugu- 
ral address to the Society of Telegraph Engineers, of 
November, 1883, afforded good illustrations of this kind 
of action with copper, zine, tin, and lead screens, and 
with different degrees of frequency of alternation. His 
results with iron are also very interesting ; they show- 
ed, as might be expected. comparatively little aug- 
mentation of sereeving effect with augmentation of 
frequency. This is just what is to be expected from 
the fact that a broad enough and long enough iron 
plate exercises a large magnetostatic screening influ- 
ence; which, with a thick enough plate, will be so 
nearly complete that cowparatively little is left for 
augmentation of the screening influence by alterna- 
tions of greater and greater frequency. 

§ 5. A copper shell closed around an alternating mag- 
net produces a screening effect which, on the principle 
of §3, we may reckon to be little short of perfection if 
the thickness be 24 cm., or more, and the frequency of 
alternation 80 per second. 

§ 6. Suppose, now, the alternation of the magnetic 
foree to be produced by the rotation of a magnet, M, 
about any axis. First, to find the effect of the rota- 
tion, imagine the magnet to be represented by ideal 
wagnetic matter. Let (after the manner of Gauss in 
his treatwwent of the secular perturbations of the solar 
system) the ideal magnetic matter be uniformly dis- 
tributed over the circles described by its different 
points. For brevity call I the ideal magnet symmetri- 
eal round the axis, which is thus constituted. The 
magnetic force throughout the space around the rotat- 
ing magnet will be the same as that dueto I, com- 
pounded with an alternating force of which the com- 
ponent at any point in the direction of any fixed line 
varies frow zero in the two opposite directions in each 
period of the rotation. If the copper shell is thick 
enough, and the angular velocity of the rotation great 
enough, the alternating component is alinost annulled 
for external space, and only the steady force due to I 
is allowed to act in the space outside the copper shell. 

§ 7. Consider now, in the space outside the copper 
shell, a point, P, rotating with the magnet, M. It will 
experience a force simply equal to that due to M when 
there is no rotation, and when M and P rotate to- 
gether, P will experience a force gradually altering as 
the speed of rotation increases, until, when the speed 
becomes sufficiently great, it becomes sensibly the same 
as the force due to the symmetrical magnet, 1. Now 
superimpose upon the whole system of the magnet, 
and the point, P, and the copper shell, a rotation 
equal and opposite to that of M and P. The state- 
ment just made with reference to the magnetic force at 
P remains unaltered, and we have nowa fixed mag- 
net, M, and a point, P, at rest, with reference to it, 
while the copper shell rotates round the axis around 
which we first supposed M to rotate. 

§ 8. A little piece of apparatus, constructed to illus- 
trate the result experimentally, is submitted to the 
Royal Society and shown in action. In the copper 
shell isa cylindric drum, 1°25 cm. thick, closed at its 
two ends with circular disks 1 cm. thick. The magnet 
is supported on the inner end of a stiff wire passing 
through the center of a perforated fixed shaft which 
passes through a hole in one end of the drum, and 
serves as one of the bearings; the other bearing is a 
rotating pivot fixed to the outside of the other end of 
the drum. The accompanying sections, drawn to a 
seale of three-fourths full size, explain the arrange- 
ment sufficiently. A magnetic needle outside, de- 
flected by the fixed magnet when the drum is at rest, 
shows a great diminution of the deflection when the 
drum is set to rotate. If the (compound triple) mag- 
net inside be reversed by aid of the central wire and 
cross-head shown in the diagram, the magnetometer 
outside is greatly affected when the copper shell is at 
rest ; it is searcely affected perceptibly when the cop- 
per shell is rotating rapidly. 

§ 9. When the copper shell is a figure of revolution, 
the magnetic force at any point of the space outside or 
inside is steady, whatever be the speed of rotation ; 
but if the shell be not a figure of revolution, the steady 
force in the external space observable when the shell is 
at rest becomes the resultant of the force due to a 
fixed magnet, intermediate between M and I, cowm- 
pounded with an alternating force, with amplitude of 
alternation increasing toa maximum, and ultimately 
diwinishing to zero, as the angular velocity is increased 
without limit. 

§ 10. If M be symmetrical, with reference to its 
northern and southern polarity, on the two sides of a 
plane through the axis of rotation, I becomes a null 
magnet, the ideal magnetic matter in every circle of 
which it is constituted being annulled by equal quanti- 
ties of positive and negative magnetic matter being 
laid on it. Thus, when the rotation is sufficiently 
rapid, the magnetic force is annulled throughout the 
space external to the shell. The transition from the 
steady force of M to the final annulment of force, when 
the copper shell is symmetrical round its axis of rota- 
tion, is, through a steadily diminishing force, without 
alternations. hen the shell is not symmetrical round 
its axis of rotation, the transition to zero is accompa- 
nied with alternations as described in § 9. 

§ 11. When M is not symwmetrical on the two sides of 
a plane thrcugh the axis of rotation, I is not null; and 
the condition approximated to through external space 
with increasing speed of rotation is the force due to I, 
which is an ideal magnet symwetrical round the axis of 
rotation. Suppose now a second shell inclosing the 
first to be caused to rotate about an axis precisely 
through and precisely perpendicular to the axis of ro- 
tation of the first shell. The magnetic force at I is by 
this second shell perfectly annulled through all the 
space external to it when the rotation is sufficiently 
rapid, Thus we arrive at the remarkable result that 
two closed conducting shells, rotating round axes ex- 





actly perpendicular to one another through one point, 
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annul for all external space the magnetic force of any 
magnet whatever held fixed with the inner shell, when 
the rotation is sufficiently rapid. 

¢ 12. Instead of the outer shell, an infinite plane 
disk of metal might be substituted with the same re- 
sult ; and a disk large enough to produce very nearly 
the same screening effect asif it were infinitely large is 
arranged for; and an experimental illustration of the 
result may be shown, by a_ slight addition to 
the apparatus before the Royal Society, but 
there would be no special interest in this illustration. 
What would really be interesting would be a simple 
experimental illustration of sereening against mag- 
netic foree by a rotating disk with a fixed magnet held 
close to it on one side. A bar magnet held with its 
magnetic axis bisected perpendicularly by the axis of 
rotation would have its magnetic force almost perfect- 
lv annulled by sufficiently rapid rotation at points in 
the air as nearas may be to it, on the other side of the 
disk. if the diameter of the disk exceeds considerably 
the length of the magnet. 








CONDUIT FOR ELECTRIC 
RAILWAYS. 


PERHAPS the chief objection that has heretofore 
been urged against the employment of underground 
conduits for conductors in electric railway systems has 
been the difficulty in protecting the wires from surface 
water. Nearly allauthorities on electricity are agreed 
that, at the present time, the conduit system appears 
to be the most desirable of all, could this difficulty be 
overcome. With the idea of eliminating this objec- 
tion Capt. William Bradley, of Fort Wayne, Ind., has 
invented the form of conduit shown in the accom- 
panying illustration. 

The leading idea embodied in the system, and the 
one on which the principal claim is based, is very sim- 
ple. It is that of having the opening into the conduit 
at the side instead of on top. The side plate, which 
ean be easily and quickly removed at any time, pro- 
jects in the form of a lip over the upward curved por- 
tion of the conduit, thus rendering it impossible for 
water or mud to enter the conduit, as will be readily 
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seen by a reference to the sectional view shown in the 
figure. As will also be noticed. a drainage chamber, 
below the level of the conduit, is provided, from which 
surface water can easily be carried off by laterals lead- 
ing to the street sewer. It has been calculated that 
this drainage chamber can carry away more water than 
can possibly find its way into it during the heaviest 
rainfall. 

As shown in the figure, the trolley rod is curved in 
such a manner as to permit its passage under the guard 
plate and into the conduit, where it supports the 
trolley wheel on the conductor. The interior of the 
conduit is to be lined with tarred canvas to prevent 
the condensation of moisture on the surface of the 
iron, and the trolley wire is to be supported on insula- 
tors of compressed paper.— Western Electrician. 





THE ELECTRICAL UTILIZATION OF WATER 
POWER.* 
By MADISON BUELL. 


THE paper began with an eloquent account of the 
formation of water in the early days of the world’s ex- 
istenee, and showed how at least three-quarters of the 
surface of the globe are covered with it, part of it being 
kept in motion by the tides and part through the 
agency of clouds and springs. These two forces em- 
bodied in water, Mr. Buell said, would eventually dis- 
pense with the burning of coal for power and crowd 
the steam engine out of employment. ‘ The energy of 
the tidal wave, the rapid river, and mighty cataracts 
trausformed into electrical energy is a branch of elec- 
trieal science that is going to revolutionize the indus- 
tries of the world.” 

As to the power represented in the flow of water, 
Mr. Buell pointed out that not less than 21,446,210 
cubie feet = over the lip of Niagara every winute, 
while the flowing of nine rivers that empty into the 
Pacific represents 900,000,000 h. p. every time it de- 
scends one foot. On the other hand, the United States 
has steam engines representing 7,500,000 h. p.; England, 
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7,000,000 : Germany, 4 500.000 ; France, 3,000,000; and 
Austria-Hungary, 1,500,000. These figures do not in- 
clade the 8,000,000 h. p. of 105,000 locomotives. Add this 
to the other motive power, and it will be found, remark- 
ed Mr. Buell, that we have on this globe engines equal 
to 46,000,000 h. p. These engines do the work of 1,000,- 
000,000 men, or twice the working population of the 
earth. It is the place of water power utilized electric- 
ally to supplement and replace these engines, and it 
would therefore be worth while to see how far the revo- 
lution has already gone. 

Mr. Buell with the aid of an imaginary camera then 
took his audience through a pictare gallery of electri- 
cal water power plants. 

**Let us press the button, and see what the camera 
reveals. The negative is clear and well defined. The 
picture is an inspiring one and fall of grand signifi- 
eance, to an electrical engineer. It shows that the 
ethereal vibrations of the sun are melting the Alpine 
snows, and the water ina never-failing stream is re- 
volving the turbine wheel, which, in its turn, whirls 
the dynamo armature, and its electrical energy is con- 
veyed miles away over a copper thread to a motor of a 
woolen manufactory of over 36,000 spindles. Another 
movement of the ethereal camera, another pressure of 
the button, and we have another negative, showing 
hundreds of laborers erecting a large plant at Rhein- 
felder, on the Rhine, consisting of 20 turbine wheels 
coupled direct to dynamos of 500,090 watts. The ener- 
gy isto be transmitted to various industrial centers 
within a radius of 15 miles. 

‘* Here is one showing a recent achievement in mod- 
ern engineering, in an electric mountain railway at 
Burgenstock, near Lucerne, Switzerland. The Bur- 
genstock is almost perpendicular ; from. the shore of 
Lake Lucerne it is 1,330 feet, and it is 2,800 feet above 
the level of the sea. The total length of the road is 
nearly a mile, operated by two dynamos of 25h. p., 
worked by a water wheel of 125 h. p. 

‘The next negative shows a peculiar view between 
Pazzala and Lugano, in Italy. At the right of the 
picture, we see a large waterfall, which supplies the 
water conducted through iron pipes to the dynamo 
room, where two Girard turbines of 300 h. p. each run 
two dynamos, one for continuous and the other for al- 
ternating currents, the former working the tramway 
motors, the latter supplying nearly 2,000 16 e. p. lamps 
at the hotel and in private buildings. The tramway is 
a double track one of over a mile in length and is worked 
by a cable, supported on wooden rollers; one branch of 
the cable is attached to the ascending, and the other 
to the descending car. 

‘** Here is a picture of the town of Trente, Austria. A 
large waterfall furnishes the power sufficient to supply 
electrical energy to all the wills, hotels, and small indus- 
tries ; it is also furnished to the houses of the poorest 
inhabitant of the town,vot only power, but illumination 
The next view isan Irish scene of the Giant’s Causeway 
Electric Railway iv the north of Ireland, showing two 
Aleott turbines driving dynamos which furnish power 
for the motors of the railway; the latter is eight miles 
long. 

‘*The camera is full of splendid negatives, pictures 
mostly of electrical plants in Switzerland. Counting 
them, I find nearly 200 electrical power stations opera- 
ted by water power, and it would be too tedious to 
give full descriptions of each one, especially so, when 
1 desire to take hurried views all over the world. 

‘The next picture represents a hotel, ‘ The Bernina* 
at Samaden, Switzerland. It is lighted by electricity, 
the power being supplied by a waterfall some distance 
away. As the power is not required during the day 
for illumination, the current is utilized for cooking, by 
heating German silver resistance coils. The cooking 
operations for the hotel are all satisfactorily performed 
by this method. While I am putting in a new set of 
plates into the ethereal camera, I will say that it isa 
well-known fact that Switzerland is disadvantageously 
situated as a manufacturing country. Although it is 


| supplied with an almost unlimited number of the finest 


water powers in the world, situated upon unfailing 
streams, fed by the meitings of Alpine snows, yet these 
are located in inaccessible valleys and ravines where 
econowica! transportation of heavy products is impos- 
sible. Railroad lines are in the main valleys at too 
great a distance from the water powers to render them 
of wuch value. Steam power is expensive, as there are 
no coal mines, and the coal must be brought many 
hendred miles up heavy grades. Thisis so costly that 
the Swiss :nanufacturers have been unable to compete 
with those more favorably situated in countries in 
close proximity to the iron and coal districts. Swiss 
industries heretofore have been on this account con- 
tined to the lighter and more delicate varieties. The 
recent introduction of methods of transporting and 
distributing power by electricity is rapidly changing 
this state of affairs, and in a few years Switzerland will 
become one of the foremost countries of Europe in all 
grades of heavy machinery. 

** Even on the ‘ dark continent’ the electrical energy 
sheds its ethereal light, for the first negative is an 
African view. It is the Forbes Reef Gold Mining Co., 
of Transvaal, South Africa. The primal source of 
power is a waterfall three miles from the mine, operat- 
ing Pelton water wheels coupled direct to Edison 
dynamos, each dynamo having a capacity of 67 h. p. 
Over 200 h. p. is transmitted to a distance of four miles. 
The efficiency of the entire system, from the Pelton 
wheel pulleys to the mining machine at the distance 
end, is over 70 per cent. That is, over 70 per cent. of 
the energy delivered from the water wheel pulleys at 
the power station is given off at the motor pulleys for 
work. Another picture in South Africa reveals the 
fact that the Kimberly mines are also lighted and 
worked in the same manner. 

‘Selecting another plate, the scene is changed to 
Oregon. We have a spiendid view of the Falls at Wil- 
lamette. The energy of the water is here converted 
into electrical energy, and transmitted a distance of 12 
wniles to Portland. 

‘*A view in South America shows a cataract of the 
Junealillo River, having a fall of 600 feet, supplying 
water through steel pipes a mile to Juncal station, 
where it sets in motion ten water wheels, each of 80 
h. p., connected to dynamos, the energy of which is 
used in driving motors for boring through the Andes 
mountains, to provide foranew railway connecting 
the Argentine Republie with Chili. 

“Now we have a view of Coronado Beach, Cal., 
where they ave endeavoring to utilize the rotary wotion 





of the earth by converting the waves of the ocean into 
the motive power. The energy is transmitted through 
a cable, and experi ts have d trated the entire 
practicability of the scheme. 

‘Here is another revelation. It is only one of the 
many forerunners that augur success to the Niagara 
scheme. This isa tunnel 16 feet by 12 feet and 24% 
miles long, cat through the mountain from Feather 
River to Big Bend Tunnel Camp, Butte Co., California. 
A permanent dam built across the river just below the 
head of the tunnel diverts the whole stream into the 
tunnel, and a canal two miles long, extending from 
the other end of the tunnel, gives a fall of 300 feet, 
turning powerful Pelton water wheels driving Edison 
dynamos. The working EK. M. F. is 1,000 volts; the 
conductors are double wetallic, and extend 18 miles, 
delivering electrical energy at 14 points in the circu't, 
where power is required for winding, pumping, ete. 
From 10 to 20 Sprague motors, varying from 5 to 50 h. 
p., are worked by branch conductors from these vari- 
ous stations, the potential varying at the motors from 
500 to 700 volts. 

Steam in Nevada is expensive on account of the 

scarcity of fuel; water is also an expensive commodity, 
as in this case we see that it is brought from the sum- 
mitof the Sierras, in pipes, a distance of thirty miles, 
to the Comsteck mines. The Sutro Tunnel at this 
place affords an outlet for this water 1,700 feet below 
the surface of the earth. It is the utilization of this 
ree that gives an illustration of an amazing exhi- 
nition of power. Six of the world-renowned Pelton 
water wheels are used for running the dynawmos ina 
rocky chamberinthe tunnel. From the dynawo room, 
wires are carried up to the motor room at the top of 
the shaft, there being a wile in each circuit. The wa- 
ter wheels attached to the dynamos are 40 inches in 
diameter and run at 900 revolutions. They are made 
of phosphor-bronze in order to stand the enormous 
speed the velocity of the water would give them when 
running without load, which would be 1800 revolutions, 
giving the periphery of the wheel a speed of 18,864 feet, 
or more than 34¢ miles a winute, the water tlowing 
from the nozzle at a velocity of 19,260 feet a minute. 
You may get some idea of such force issuing from the 
nozzle of the pipes, when | state to you that 1 can see 
a group of visitors looking at them, with wonder ex- 
presi all over their faces, while one of the laborers ip 
the mine wields powerful blows with a sledge hammer 
upon the stream of water, and the hammer rebounds 
as though the water were a bar of steel. The compact 
arrangement of combined dynamos and water wheels, 
and the noiseless operation of the latter, make it al- 
most impossible to realize the amount of power devel- 
oped by the swiftly revolving armature. 

‘* In Colorado there is water power enough to furnish 
light and power for the whole State. The thriving 
town of 7,000 inhabitants, Aspen, fairly vibrates with 
ethereal manifestations. Kight Pelton water wheels 
running 1,000 revolations, under a head of 820 feet, 
with a maximum capacity of 194h. p. each, aggregat- 
ing some 1,400 h. p., revolve the armatures of as many 
dynamos, furnishing the current for 120 are lights of 
2,000 c. p. each and 2,000 16 c. p. incandescent lights. 
These lights are distributed over an area of over four 
square wiles, and are used for lighting the streets of 
the town, hotels, stores and residences. Greenwood 
Spriugs is also in a blaze of electric light. Mills, 
pumps, hoists and tramways are successfully run miles 
away from the power station. During the winter 
months the Pelton wheels, though incased in ice for 
weeks together, keep spinning away without cessa- 
tion. 

“The next negative gives evidence of the progress of 
the Japanese people. I can wake out five water wheels, 
having an aggregate capacity of nearly 600 h. p. run- 
ning dynamos; the electrical energy being transmitted 
to the city of Kioto, for general wanufacturing pur- 
poses. The water is conveyed to the wheels through 
2,000 feet of sheet iron pipes, and the supply is ob- 
tained from the Kioto-Fu-Che canal. 

**Views all over California and the Pacific region 
show the progress already made in the transmission of 
electrical energy by means of water power. Away up 
on top of the mountain, nestled in among the clouds, 
2.000 feet above Red Cliff, in the very heart of Eagle 
River Canon, I behold the town of Gilman, more than 
11,000 feet above the sea level. Looking across from 
Gilman on the other side of the great canon, there is 
a wountain stream called Fall River, rising in the 
mountain of the Holy Cross, and I can almost hear its 
roar, as it crashes and tumbles down and over the 
rocks and enters the Eagle River at the bottom of the 
canon. This water is brought by a pipe line into the 
mines, and the fall is equal to 500 feet perpendicular, 
and its energy drives the dynamos, the electrical ener- 
gy being conveyed to all parts of the richest mines of 
gold and silver in Colorado. 

‘Swinging the camera to the State of Maine, the eye 
takes in the great Penobscot River, the largest in 
Maine, draining over 7,400 square wiles, a region as 
large as the State of Massachusetts. For 12 miles from 
Oldtown to Baogor the river falls over 90 feet. giving 
several of the finest water powers in the world. Ata 
place called Veazie, which I see is situated four miles 
above Bangor, there is an electrical plant in the course 
of construction, which when completed will be one of 
the largest in the world. Fifteen water wheels of 150 
h. p. each will be placed in this plant, so arranged as 
to run separate or in groups. Six of the wheels are 
already in operation. The plant will supply lights 
and power for the cities of Bangor and Brewer. The 
water power at Veazie is immense; the flow of the 
river at this point at low water is 146,000 cubie feet per 
minute, affording 2,500 h. p. with a nine foot head. A 
portion of this negative shows the town of Dover on 
the Salmon Falls River, on the division line of the 
States of Maine and New Hampshire. Light and power 
are not only furnished to Dover, but to several distant 
towns. Power is also furnished to a street railway 
seven miles in length. The water wheel has a capacity 
of 500 h. p. 

“I find to the right of this negative a scene in the 
Commune of Millas, Western Pyrenees. It shows am 
area of 1,500 acres devoted to wine vintage. A stream 
of water furnishes power for lifting and driving pur- 
poses, driving dynamos and motors, and furnishing 
eurrent for 200 incandescent lamps distributed in the 
houses within the area named. The length of wire 
used in connecting the various buildings in this system 
is 68 miles. ; 
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‘Pointing the camera toward Lake Superior, I see 
extensive preparations are being made to utilize the 
waters of that lake, which fall at the Sault about 30 
feet to the level of Lake Huron. The water power at 
Sault Ste. Marie is estimated to have a velocity and 
volume of 122,000 feet per second, equivalent to 236,000 
h. p. A tail race five miles long on the Canadian side 
wnd acanal five miles long on the American side are 





to be constructed. The canals will be each 1,000 feet | 


wide, the widest in the world. Blast furnaces, ship- 
yards, paper mills, pulp mills, flour mills and other 
industries will all be furnished.” 

Mr. Buell, then speaking of tidal power, said he saw 
no good reason why that of the East River between | 
New York and Brooklyn should not be utilized for the | 
two cities. To show how vast is the energy of natural 
forces, Mr. Buell proposed to consider a storm travel- 
ing 60 miles an hour extending over 500 miles of 
country : 

One of our storms exerted a pressure of 30 1b. per | 
square foot, or } |b. per square inch, and traveled at 
the rate of sixty-six miles per hour. There are ina 
square mile 27,878,400 square feet, or 4,014,489,000 square 
inches. If the pressure was half a mile in vertical 
height, we have for each mile in width of the track of 
the storm an area of 2,007,244.800 square inches upon 
which the storm acted with a pressure of } lb. and with 
a speed of 5,800 feet per minute. 

‘To find the horse power we have the formula : 


Area in inches < pressure in lb. X speed in ft. per min. 

‘ va 33,000 ———— 

The calculation becomes : 

2,007,244,800 square inches < }$/b. pressure < 5,800 feet | 
33,000 sn 





The result is 70,557,700 horse power for each mile 
breadth of the storm. 

To produce the same horse power, with improved | 
engines consuming but 2 |b. of coal per hour per horse 
power, would take 63,000 gross tons of coal. 

Assuming the track of the storm to be 500 miles wide, 
the hourly ecnsumption of coal to generate an equal | 
power would be at least 31,500,000 gross tons, or one | 
and a quarter times the annual product of the entire 
anthracite coal region. 

Coming back to water power, Mr. Buell said : 

** Upon the beautiful Spokane River | can see the city 
of Spokane Falls now one of the prominent cities of the 
West. In 1885, when the present city was a mere town 
of a few thousand inhabitants, there was a little wood- | 
en shed erected in which there was placed an electrical 
plant, capable of furnishing electrical energy for twelve 
are lights and less than three handred incandescents., 
One water wheel furnished the power to run the dyna- 
mo and the whole affair had, up to a short time ago, a} 
varied and checkered career. Now consider the con- | 
trast. The power I see in Spokane Falls, compared 
with the water power so far developed in any country, 
is the peer of them all. As the development proceeds 
and its immense force made fully available, its financial 
value will be stupendous ; to replace the power which 
this negative shows, by steam, would constitute the 
outlay of $10,000 per day for fuel alone. An idea of its 
actual money value nay be obtained when it is stated 
that the cost of producing one horse power per year by 
steam is $50, and the lowest total power available at 
Spokane Falls is 30,000, the amount of wealth annually 
added to that city on the basis of $50 a horse power per 
year would be $1,500,000. The power station now seen 
at the same place where the little wooden shed stood 
in 1885 is one of the greatest in the world. It is esti- 
mated at three thousand horse power and distributes 
electrical energy for 12,000 incandescent lights and 
1.200 are lights, besides furnishing it for nearly all 
classes of industries. No city in this country can show 
for its size so great an employment of electrical energy 
in everyday life. 

“The experiment of transmitting three hundred 
horse power electrically from Lauffen on the Neckar 
to the Frankfort exhibition, a distance of over 100 
miles, will be tried the coming summer. The result of 
preliminary experiments already made indicates that 
the proposed transmission will be a complete success. 
I have seen an electric are light produced in Buffalo, 
where the energy to make such alight came from a 
point beyond Syracuse, N. Y., over a No. 8 galvanized 
iron wire, a distance of over a hundred and fifty 
miles.” 

Mr. Buell now came to a consideration of the great 
work proposed at Niagara Falls, and said : 

**Let us now take a look atthe present hydraulic 
canal, which even now is considered a work of great 
importance, though soon to be abandoned. It was 
constructed in 1855, and is as you see cut through solid 
rock across the peninsula on which the village is 
built. The canal is pearly a mile long, and was origin- 
ally planned to be 100 feet wide and ten feet deep. | 
This canal lay idle for nearly a quarter of a century, 
until one of our citizens opened up its immense facili- | 
ties. In 1878 there was only one water wheel on the | 
canal; to-day we see a large number of buildings along | 
the bank of the river using an aggregate of nearly 8,000 
h. p. The Brush Electric Light and Power Co furnish 
lights not only for Niagara Falls. but for Suspension 
Bridge. The wires of the company also cross the river 
into Canada and light Niagara Falls, Outario, making 
a circuit of several wiles along the bauk of the river on 
each side. 

* The idea of the tannel at Niagara Falls originated 
with the late Thomas Evershed. The tunnel or tail 
race is to extend from the surface of the water level 
below the Falls to a point on the Niagara River above 
the Fails. It is to be connected with the river by 
means of short surface canals, wheel pits and cross 
tunnels. The power expected to be produced by the 
eapacity of the tunnel will be equal tothe water power 
of Lawrence, Lowell, Holyoke, Turner's Falis, Man- 
chester, Bellows Falls, Lewiston, Me., Oswego, Pater- 
son, Augusta, Ga., Minneapolis, Rochester and Lock- 
port combined. The method of using the power is the 
same as that in operation upon the hydraulic canal. 
Though the principle is the same, there is a difference 
in the manner of obtaining the water. At the hydrau- 
lic canal there is one long surface canal, a canal basin 
or reservoir, wheel pits and short tail races to the adja- 











cent high bank of the river. In the cas of the tunnel, 
the Niagara River is the basin or reservoir, directly 


connected by short surface canais, wheel pits and cross 
tunnels, with one great tunnel or tail race, nearly two 
wiles in length, which carries the water from the wheels 
to the Niagara River below the Fails. The tunnel ix to 
be of horseshoe shape, having a capacity equal to 
a circle of twenty-five feet in diameter, extending 
| through the solid rock from the water level below the 
| Falls to the upper river above the cataract, a distance 
of one mile. From this point the tunnel is to continue 
| parallel with the shore of the river one and a half miles, 
jat an average depth of 160 feet below ground and 
| about 400 feet from the river, with which it is to be 
/connected by means of surface conduits, through 
which the water from the river enters and is drawn 
through the shafts and wheel pits into the great tun- 
nel below, The plans adopted will develop 120,000 
horse power... . 

* Crossing now over the new bridge below the cata- 


|ract into Ontario, we learn from reliable sources that 


the scheme for the electrical utilization of the Canadian 
Falls is well under way. The Pelton Water Wheel 
Company, of Sap Francisco, Cal., have sent to the 
Niagara Falls commission at London, England, an es- 
timate of the wheels and appurtenances for one block 
of twenty thousand horse power. For an electric sec- 
tion, four wheels to develop 8,000 horse power; fora 
compressed air section, one wheel of 4,000 horse power; 
and for the hydraulic or pumping section, two wheels 
of 4,000 horse power. The scheme, estimates and adap- 
tation of Pelton wheels of such enormous power in- 
volved a mass of engineering work creditable alike to 
all concerned in the labor. 

“The Pelton wheel is what is termed a tangential 
wheel, and is considered of great simplicity of construc- 
tion and efficiency. The diameter and consequent 
axial speed of tangential wheels of the Pelton type 
are such as to adapt them to the requirements in any 
case, so that direct connection can be made to dyna- 
mos, ete. This method has been adopted by the Pel- 
ton Water Wheel Company in their plans for the 
Niagara plant, and the wheels are to suit present or 
future stipulations of the power company as to speed. 
The Pelton wheel employs round jets, impinging on 
peculiarly formed vanes, constituting marked advan- 
tages, it is claimed, over wheels of the Girard type. 
The wheels are not well known in the East, for the 
reason that the circumstances which led to their use 
and development in California do not exist elsewhere, 
i. e., working heads of from 100 to 1,600 feet, and for 
the reason that every stream is torrential until it 
reaches the plains. The company furnishing the Pel- 
ton wheels claim that they can arrange a system so 
that a wheel can be made to develop at pleasure 1,000 
to 5,000 horse power without impairing its relative 
efficiency, and that such changes can be made in a mo- 
ment’s time, and when the wheels are in operation. 
The two plans for the electrical utilization of the water 
of the Niagara it will be seen are totally different. Mr. 
Ferranti, the engineer of the power company organized 
to erect works on the Canadian side of the river, has 
a preference for the Pelton wheel and is investigating 


its merits. I am reliably informed that the London | 


commissioners have given a prize premium to the Pel- 
ton Co. for their plans in connection with the Norwalk 
Compressor Co.” 





GOLD IN COLUMBIA. 


To the Editor of the Scientific American: 

I send you this article, in regard to the discovery of 
gold quartz in Cariboo, British Columbia, named the 
Cariboo Quartz Ledges. And I will give my opinion as 
to the saving of time and expense, in the discovering 
of gold quartz in the sections of this country, which I 
will name, in hopes some of your able correspondents 
may give their opinions in regard to the discovering of 
gold quartz ledges. 

First, in regard to the discovery of gold, in the 
streams of Cariboo. British Columbia. On the 8th of 
May, 1861, a creek was discovered, and named Williams 
Creek, after one of its discoverers (Dutch Bill). 

The prospecting was done about 600 ft. above the 
lower quartz ledge. The same was discovered some years 
later crossing this stream. 

The prospecting of the 8th of May, 1861, was done 
down through at least 12 ft. of snow, to the bed of this 
creek. The prospect being satisfactory, the prospect- 
ors loeated their claims, Dutch Bill having the first 
choice for locating six hundred feet below where the 
prospecting was done. This stream, Williams Creek, 
made a bend tothe west ward, then turned again to the 
north. On the lower part of this bend Dutch Bill 
located his company’s claim of 400 ft. in length and 
100 in breadth. In this claim was included one dis- 
coverer’s claim of 100 ft. in length, and the same in 
width. The next of choice for locating located above, 
a company of three, and also included a discovery 
claim. Above this company. another company of four 
located 500 ft. in length. In this company was in- 
cluded a discoverer’s claim. This last claim, about 400 


| ft. of its length, was above the bend of this stream 


mentioned. And at this distance of location, includ- 
ing the first two companies, and 100 ft. of the third 
company, making 900 ft. in length at this distance, 
crossed the lower quartz ledge. And above this quartz 
ledge another was discovered about the same time, 
crossing this same stream, Williams Creek, at a dis- 
tance of 2,000 ft. above. Above the third company’s 
location on Williams Creek, these discoverers loca 
three claims for one company. This last location did 
not inelude a discovery claim. Some time after others 
located above the upper quartz ledge. Above the up- 
per quartz ledge the lands widened out ; the same below 
Duteh Bill’s location. The first companies located 
worked their claims by fluming the creek, and wash- 
ing the gravel through sluices. There being seven 
companies located below the upper quartz ledge, 
Dutch Bill company and the company above worked 
out their claim the first season, which concluded in Sep- 
tember, 1861, these two companies sold their fluming 
material and sluices, also buildings, and abandoned 
their claims. The company above them resulted. Their 
first hundred feet proved to be of the same richness as 
the two companies below. Above this first 100 ft. the 
rock pitched down above the bend. Just below this 

itch of bed rock acompany named the Black Jack 
thane started a tunnel into the mountain, on the 
east side of the stream, and when the tunnel reached 
within a line of the rock mentioned which pitched 
down. Then this company located their mine, com- 
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mencing at this pitch of rock from third company’s loca- 
tion. Below this bend where Datch Bill bad worked 
out his claims, another company started in another 
tunnel into the mountain, and the result was, when in 
line with the Black Jack Company, so struck the 
lead of gold rich. They struck the | during the 
winter of 1862 and 1863. 

The Black Jack Tunnel Company struck the lead 
during the winter of 1861 and 1862. The lower tunnel 
cowpany, the height of their tunnel above the creek 
was about ten feet. Another company located 300 ft. 
below this company, and abandoned the same in 1862. 

Another company located below the abandoned claim 
of 1862. This company worked their claim from ashaft 
in line south with the other company’s location, this 
company working down their shaft to bed rock, at a 
distance of thirty feet from the surface, then drifting 
up toward the abandoned claim of 1862. Their discov- 
ery was also made during the winter of 1861 and 1862. 
The difference of height from the mouth of their shaft 
and in line with the successful tunnel company below 
was about thirty feet, making a rise of sixty feet 
from the lower company’s tunnel to the successful 
shaft company below. he result was, at some time 
past, part of the mountain from the east had slid to the 
west, and changed the creek from the piteh of rock 
above the upper tunnel company’s claim to the shaft 
company’s claim, and the consequence was the slide 
of the mountain had covered the fall of sixty feet with 
large broken rock. 

The first company above the pitch of bed rock 
stated worked over a supposed bed rock. The same, 
on walking over, would sink down slightly by the 
weight of the body, and after rise up again to its 
natural level. The fourth company above the Black 
Jack Company’s tunnel worked up and over this 
supposed bed rock, for 60 ft. The top gravel in 
the bed of the stream, the same averaging about 
six feet in depth, this top gravel averaging about 
sixty ounces troy each day. The work of four 
men shoveling in the sluices on a Wednesday after- 
noon. This company concluded to go down for the 
proper bed rock and opened a prospect hole which was 
abont seven feet in diameter. The result was, within 
6 ft. struck bed rock, and the result was sixty troy 
ounces, and the lower gravel resulted to be a blue 
lead. After this prospect, then went back to the lower 
part of their claim, and the result was the remainder. 
The blue lead below produced daily from 200 to 300 
troy ozs. per day. About this time of the new dis- 
covery aparty by the name of Davis was taking notes, 
and being without a claim, had taken the liberty to 
measure some company’s claims. The result was, this 
company had 312 ft. r. Davis jumped the 12 ft., and 
went to work with his rocker, washing out the gravel 
which his 12 ft. claim contained. The proceeds from 
same resulted in 16,000}8. This gold having the value 
of $1,630 at the San Francisco mint, California. Mr. 
Davis, after jumping this claim, received the name of 
12 ft. Davis. The company above this claim jumped, 
and three others below, and including the Black Jack, 
and the other tunnel company below, resulted about 
the same in richness. The first shaft company below 
the falls resulted in one day’s work, from under a 
large rock, the same being about eighteen inches above 
the bed rock. The contents of this gravel and the 
cleaning of the bed rock resulted, after being washed, 
one hundred and two lbs. troy of gold. The best 
washing that I saw from one pan of gravel (about six 
quarts in bulk). This taken from the second company 
above the Black Jack Tunnel Company resulted 10414 
troy ozs., the largest piece of gold having the value of 
$1,300. There were several other claims below the first 
shaft compauy that resulted to be rich. As the lower 
part of this creek widened out on the surface, and 
deepened to bed rock, the result was, the remainder 
was abandoned on account of the difficulty in getting 
out the water above the upper quartz ledge, the flat 
widened out there also, and nearly all of the mining 
claims were abandoned there also, the second season 
after discovery of this creek. 

Now I will give you a description of the discovery of 
the Cariboo quartz ledges. his taken from article 
published in your valuable paper. The SCIENTIFIC 
AMERICAN SUPPLEMENT, March 2, 1878, on page 1799. 
The same also has a map of the Bonanza and Stead- 
mau quartz ledges, Cariboo, British Columbia. The 
Bonanza ledge was struck at the bottom of the Victoria 
Gravel Mining Company’s shaft. Ata depth of 130 ft. 
— ledge was struck in a drift, and found to be 30 ft. 
wide. 

The ore is a soft quartz, carrying free gold and sul- 
phurets, with a slight trace of silver. This ledge was 
struck from the Victoria Gravel Mining Company’s 
shaft, which was alongside of the Lowhee Creek, dis- 
covered after Williams Creek. A four stamp mill, with 
imperfect appliances, has been busily engaged in run- 
ning upon rock from this claim for most of the time 
since October 8, 1877, with the most satisfactory result. 
The gross yield for two months to December 1 may be 
put down at $5,000, the averaging assays from this 
vein ranging from $14 to $155 to the ton, and average 
assays across the vein show $33 per ton. The yield from 
these creeks since 1862 amounts to the astounding sum 
of $40,000,000. (You'can take items from the remainder 
of this stated article published March 2, 1878.) Now will 
also give you aslight description of the blue lead in 
California, or Dead River, but now filled up with 


ted|earthy or rocky matter, The largest dead river is 


known as the * Big Blue Lead” and has been traced 
from Little Grizzly, about latitude 39° 45’, in Sierra 
County, to Forest Hill, about latitude 38° 55’, in Placer 
County, a distance of 65 miles. The course is south- 
southeast, the position about 30 miles west of and 

arallel with the main divide of the Sierra Nevada. 

he elevation is 5,000 ft. above the sea at Little Grizzly, 
and 2,800 at Forest Hill, showing an average fall of 33 
ft. per mile. In the whole length of this dead river 
as traced fora distance of sixty-five miles, assuming 
that the deposits of gravel average halfa mile wide 
and two hundred feet deep, there were, counting in 
the portions which have been washed away by the 
live rivers crossing this dead river, six billion six hun- 
dred and sixty million cubie yards of quartz and clay, 
and the quartz alone must have measured five billion 
eubic yards, In the live rivers forms only a small por- 
tion of the gravel whence came all the quartz of the 
Big Blue Lead. How did it happen that no granite, 
slate, porphyry, basalt, or sandstone was buried in this 
bed? If all the quartz veins now known in California 
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were cleaned out toa depth of one hundred feet, they 
would not sapply so much as is found in sixty-five 
wiles of a river that must: have run for many hundred 
miles. 

The gravel is all water worn, and rounded by long 
attrition. It came from far north. A piece of rough 
quartz, while being carried five hundred wiles in the 
fiercest of our mountain streams, would not be worn so 
smooth as is every pebble in the Blue Lead, and the 
immense size of the bowlders implies a mighty current. 
Those in the lowest stratum average in some places a 
ton. and many are found of twenty tons. These are 
worn as smooth asthe pebbles. They are not found 
seattered here and there, as though they had tumbled 
down from the banks of the river near to the spot 
where they are found. The great river handled these 
wasses of rock with as much apparent ease, and spread 
them out as evenly as if they had been no larger than 
pigeons’ eggs. But how was it possible that the bed of 
a large river could be filled three hundred feet deep 
with gravel? When the miners in 1850, 1851, and 1852 
flumed the live rivers of California, and took the gold 
from their beds, they found a deposit of gravel that did 
not average more than five feet deep on the bed rock 
in streams that ran in canons one thousand feet deep. 
and it is strange that the Big Blue should have filled its 
bed with gravel. Yet this filling up is not without an 
analogue in our day. Under the influence of hydraulic 
washing, Bear River and Yuba River have within the 
last fifteen years begun to fill up with gravel, and 
their beds have, for miles, risen seventy feet or more 
above the levels of 1853. In several cases the blue 
lead was found by calculation. The miner took his 
position on a hillside on a line and on a level with 
other mining camps. and in a few days he found a for- 
tune; and others have spent years working on a 
similar plan without success. The river must have 
taken bends on the north side of Rock Creek and 
Oregon Ravine, and twelve years of searching have not 
revealed the positions of the bends. But why did the 
Big Blue Lead die and leave nothing but its gravel 
and its gold to tell the story of its existence and of its 
yvreatness? The main cause must have been the sub 
sequent rise of the Sierra Nevada. Suppose that a 
range of mountains seven thousand feet high were 
upheaved thirty miles east of the Mississippi ; that the 
bed of that stream was, on the mountain side, three 
thousand feet above the sea, and that thirty miles west 
the country retained its present level, the result would 
be that the present Mississippi would soon be a dead 
river; it would be cut across by streams running down 
the mountain side, and pouring into a new Mississippi 
thirty miles or more west of the present one. 

We know that the Sierra Nevada has been upheaved; 
that a large stream ran on what is now the mountain 
side, and that it has been succeeded by a new river 
farther west, and we must infer that the death of the 
old and the birth of the new river were caused by the 
upheaval. 

A question suggests itself whether the great dead 
river was the predecessor of any live stream ; but to 
this no satisfactory answer can now be given, and it is 
doubtfal whether time and research will ever furnish 
one. The Big Blue was parallel to the Sacramento, and 
has toa certain extent been succeeded by it, but it 
drained a much larger district than the Sacramento 
does, or the rainfall of the country was much greater 
in the era of its existence. The Sacramento does not 
carry one-fourth of the water which ranin the Big 
Blue—probably not one-tenth. If we could ascertain 
that the quantity of rain had not altered, then we 
would be justified in presuming that the Columbia 
river, which would about fili the bed of the Big Blue, 
instead of turning westward at Walla-Wallia, origi- 
nally continued southward until the lifting up of 
Shasta and Lassen and the adjacent ridges stopped its 
course and compelled it to break through the Cascade 
Range at the Dalles. With our present limited know- 
ledge we are not justified in calling the Big Blue river 
either the Dead Sacramento or the Dead Columbia. 
The Dead River, the Big Blue Lead, caused many mil 
lions of dollars of gold dust to be taken from live 
streams that crossed this supposed Dead River, wash- 
ing across the same and carrying the gold downstream. 
And take note these many live streams crossing this 
Dead River did not produce any quartz leads at the 
bottom of these live streams. These live streams and 
the Big Blue lead was soon worked out, where the 
same could be worked properly. You can see on the 
map of the Bonanza and Steadman quartz ledges, 
Cariboo, British Columbia, that the Bonauza ledge 
crossed several streams, including Williams Creek be- 
low. And the Steadman quartz ledge crossed Williams 
Creek above, within a distance of 2,000 feet. These 
quartz ledges produced the gold which was taken from 
this creek. The creek did not havea sufficient force 
of water, neither fall enough to continue wearing 
down the quartz lead and carry the gold down stream. 
This and other creeks were soon washed out, and after 
fifteen years of the discovery of this creek quartz 
ledges were discovered as stated and the claims located 
as you can see by your map in THE SCIENTIFIC AMER- 
ICAN SUPPLEMENT, No. 113. Herein the Republic of 
Colombia, in some of the rapid mountain streams, 
gold is continually found and got by diving to the 
bottom of thestream. When the streams are low the 
natives diving place a rock or stone, of nearly fifty 
pounds weight, on their shoulders to keepthem down 
on the bottom sufficient time to fill their wooden bowls 
with gravel. Then return to the surface and wash out 
the same. (This wooden bowl is named betea ) Now, 
where does this gold come from ? Gold is and has been 
found for the past one hundred years in some of these 
rapid mountain streams. On the banks of these same 
streams there is now no gold. The same has been 
taken from the banks years past. Some of these 
mountain streams could be worked: by fluming, as 
has been done in California and other mining coun- 
tries. But here, with the native labor, would always 
make a loss by so doing, as the rises of these streams 
are very quick, and the sudden rises would wash out 
the flaming many times during the vear. All gold is 
supposed to come from decayed quartz. After the 
quartz is decayed, and the gold loosened from the 
sane, this gold is then gradually washed down the 
streams with the gravel. I will make some state- 


uents in regard to quartz that has been discovered in 
Streams in the section southeast from Quibdo. Go- 
ing up the Atrato river, from Quibdo to the Anda- 





Ruda river, up the same nearly three days, by canoes 


poled up the streams by natives, to the stream Sando, 
the same heading to the northeast in the main range 
of mountains, between the departments of Antiaque 
and this department of Cauca. This range of moun- 
tains at the head of this stream Sando is at least 12,000 
feet above the sea. 

Some years past, a short distance up the Sando 
river (the same emptying in the Andaguda river), a 
native gota piece of quartz rock containing gold. 
This piece of quartz was taken from the middle of 
this stream, about midway up the falls, of eight feet 
rise, within two hundred feet. This piece of quartz 
was broken off with a bar under four feet of water, 
and under a shelving rock. This piece of gold quartz 
proved to be twenty-five per cent. of gold. A German 
bought the same from the native. This German as he 
bought it melted the same over a forge, and only a 
small loss in weight of gold after melting the same. 
At this place where the quartz was found, the stream 
being very rapid, and the banks on either side of the 
stream where this quartz was found, the banks are at 
angle of over 45°. On the west bank of this stream, 
commencing on the Andaguda river, a short distance 
below the moath of the Sando river, the mountain 
rises up to the north and connects with the high- 
est mountain in this section within a distance of 
three miles. This range then continues to the north- 
eastward to the main range mentioned. 

This first range mentioned is named the Dujara 
mountain, and the first main elevation to the east 
has the appearance of being flat on its top, and na- 
tives that have been up on its top say that its cen- 
ter is lower. And no doubt it is an extinct volcano, 
as many large rock on all sides of this mountain have 
the appearance of having been melted at some time. 
These rocks, at a short distance, have the appear- 
ance of copper, and most of these rocks are nearly 
round, as though they had been soft at some time ; 


and their rolling down the montain has given them 
the shape which they retain. Breaking off a_ piece 
of this rock, see bright specks of some mineral. This 


mountain has the appearance of being covered in 
places with lava. The gold from the sides of same 
has been washed off years past. About two years 
past the mountain on both sides of the stream 
Sando, opposite the place where the gold quartz was 
discovered, a slide occurred, and now no doubt this 
stream Sando can be turned on the west side suffi- 
ciently to prospect for this quartz in the center of 
the stream, ‘The gold on the bank of this stream 
was taken from the west side, the same having the 
high range. The east side is lower, and no gold hav- 
ing been taken from that side. On the opposite side 
of this eastern rangeis another smaller stream, the 
samme emptying in the Andaguda river. Above the 
mouth of the Sando river, on the west side going up 
this stream, gold was taken, but none from the east 
side. This stream is worked out within a distance of a 
quarter of a mile in Sando river above the first quartz 
discovered as stated. Another piece was found by 
diving down and filling the betea with gravel. The 
result was, after washing the contents, some grains of 
gold and a piece of quartz weighing thirty castellanoes, 
and the same, after crushing and washing the quartz, 
after, resulted seven castellanoes of gold. This gold, at 
the value of $2501$ per castellanoe in the Assay Office, 
New York, will produce over $110,0001$ per ton of this 
class of quartz. A castellanoe is about 71 grains. 
Some distance above, in the same stream at differ- 
ent places, quartz has been found on the bottom of this 
stream, which resulted the same in quality and rich- 
ness. This piece of quartz of thirty castellanoes was 
discovered within the past six months, and where dis- 
covered the stream is narrow. And on the east side of 
this stream is a ridge of rock, and I have no doubt the 
same consists mostly of granite and some slate. This 
rock, down in the water at this bend, is perpendicular 
on that side; and the depth of water straight down 
from this rock is at least 12 feet in depth at this point. 
Above this bend to the right the river widens out to 
at least 60 feet, caused by this ridge of rock. Just 
above this bloff point of rocks the river is quite shal- 
low, and within six feet of distance the depth of 
water increases to twelve feet in depth. Here crosses 
the same ridge of rock. The same does not show on the 
opposite side of the stream. Only a soft granite rock, 
which has the appearance of having been burned, and 
the same has a reddish color; and that side of the stream 
has also been worked, and the same produced coarse 
gold. A short distance from the stream a bluff hard 
rock of granite shows for a short distance. I have my 
belief that this thirty-castellanoe piece of quartz came 
off the ridge of rock crossing this stream. This place 
at one time was filled in with trees that had been felled 
there within three years past, and the foot of a tail 
race was just above, and the tailings from the same 
filled this deep place. Since it has been cleared out by 
the frequent risings of this stream. The falling of these 
trees may have broken off this piece of quartz. As the 
native stated to me, this quartz had not been washed 
much, neither the edges of same rounded off. The 
east side of the mountain Dujara, some distance above 
on this stream, above canoe navigation, on account of 
its fails, by following a narrow ridge from the river 
Sando toa narrow flat (going about a quarter of a 
wile above the falls to this ridge), up it to this flat, 
and this flat about a third of a mile in Jength along- 
side of a small stream, a French woman furnished na- 
tives with provisions and tools to work this small 
stream and its banks. The altitude of this flat above 
the Sando river, at least 1,000 feet, and this French 
woman bought hundredsof pounds of gold dust from 
these natives. And I have no doubt another quartz 
lead crosses the main stream Sando at this ridge, cross- 
ing this stream and passing the opposite mountain to 
another sinall stream on the opposite side, this stream 
emptying in the Andaguda river about two miles above 
the mouth of Sandoriver. This stream was also rich 
with gold on its west bank ; nothing on its east bank. 
On the south side of the Andaguda river, in front of 
the mouth of the Sandoriver, is the mouth of an- 
other stream. Going up this stream for about a thou- 
sand feet, is a mountain; the same continues angling to 
the Andaguda river in a northwest direction. Below 
from this lower angle, above to the mouth of the 
stream mentioned in front of Sando river, the dis- 
tance being a quarter of a mile at the lower angle, the 
Andaguda river wakes a short bend to the north, and 
about four hundred feet above this lower angle, and 
back from the Andaguda river, above high water mark, 





Mr. Stein, formerly from California, sunk a shaft down 
to bed rock and struck it rich. He made a contract 
first to pay the owners of this land 10 per cent. on all 
the gold taken out. Stein carried away over four hun- 
dred pounds of gold dust taken from this mine. Stein 
was consumptive, and this climate agreed with him; 
Stein using the native labor, and worked this mine un- 
til the Andaguda river broke in on him, as he 


worked down lower than the river after the 
river broke in on him and flooded the mine. 
Then he abandoned the same. This angle of 


mountain first stated had a part of it some day 
taken a slide and moved the Andaguda river to the 
north. The Sando river no doubt helped place most 
of the gold that Stein got, as the bed rock pitched 
from the mouth of the Sando river tothat side. Stein 
went back to California and got married there; went 
to the southern part of California for his healt and 
there died soon after his marriage, and no doubt the 
wife got the remaining proceeds from this mine. 

This mine of Stein has not been worked since he left 
it, now over twenty-five years, and the quarter part of 
same has not been worked. Some distance from this 
mine of Stein, below on the Andaguda river, on the 
north side in a narrow bend of this river, is a whirl in 
the stream. Now three years past this river was lower 
than ever known before,and many improving the oppor- 
tunity to dive down to the bottom of the deep places, 
with their wooden bowls,and after filling the same with 
gravel return to the surface and wash out the same. 
There were cases of half a pound of gold dust taken 
at one washing from a wooden bowl of gravel. In this 
whirl many natives were awaiting theirturn to dive 
down, as this whirl had proved to be rich with gold. 
One piece of gold in this whirl caused several disputes 
and quarrels, and it is there yet. This piece being long 
and wedged in between rocks, so that the native in- 
genuity did not get to work soon enough to get it out 
before the rise of water. All accounts in regard to 
this piece of gold say it has considerable weight. All 
that saw it said it waslong. This is no doubt a narrow 
quartz ledge. and this ledge comes from the Dujara 
mountain. There isa very rich quartz ledge owned 
by a nativeof this country, Bartolo Chavez, and this 
person has taken from his mine over sixteen million 
dollars of value of gold from this mine. The entrance to 
this mine is closed most of the time with an iron door. 
The mine is not worked at all times, as the owner of 
same has no family. In this mine gold has been cut off 
with chisels. This wine isin the main range of moun- 
tains (nearly due east from the mouth of the Sando 
river), and on its turn to the eastward toward the 
Cauca river, farther to the eastward from this mine, 
is the Marmato mine, a quartz gold mine worked by 
an English company for over fifty years. Also another 
nearer to the Cauca river east, and the same worked 
by a German company. The entrance to this mine is 
near the Cauea river, in this department of Cauca, 
and the sawe near the boundary lines with the depart- 
ment of Antiaque. 

I give these statements, as I believe that the voleano 
Dujara vomited out much gold. This gold thrown out 
from the mouth of this voleano and carried down its 
side, some carried to the different streams near and 
some of the same carried down where the streams 
could not be worked properly; and the gold that re- 
maived on the banks near the streams has been found 
and used. In places on the sides of this mountain 
some gold remains covered up by the various slides on 
the wountain sides. The great heat from the voleano 
caused the gold to melt below, and in places where it 
has been forced up under streams caused the same to 
cool off suddenly and remain in the bottom of the 
streams, especially the long piece in the bottom of the 
whirl in the Andaguda river; the piece which caused 
several quarrels. And there remains for some Yankee 
ingenuity to take it out. Some dry season will bring 
part of it to the surface. Aud from various quartz 
ledges crossing the various streams occasionally a piece 
of quartz is broken off and the same found by some 
lucky native. Here in this section where does most of 
the gold come from, the greater part got by native 
women diving down to the bottom of the streams with 
their wooden bowls, filling the same with gravel, and 
after washing the contents. The question is to see the 
quartz ledges on the bottom of the streams, and 
take note of the direction they run. Then after sink 
shafts on either side of the stream as near as possible 
to the stream in search of the same. In this section 
there are no quartz miners. Why should there not be 
as Wany quartz mines in Colombia as has resulted in 
California? California has had over forty years’ ex- 
perience at quartz mining, and a thousand quartz 
miners there to one here in search of quartz; and I do 
not believe California has given as many showings of 
quartz that came from the bottoms of the streams as 
this section has that I have mentioned ; and neither so 
rich, And I have no doubt the average quartz mines 
worked in this country are 50 per cent. richer than those 
in California. A great advantage in this country is 
the climate, as there is no snow to block the roads, and 
provisions and materials can be got to the mines 
cheaper than the same was got to the mines in Cali- 
fornia at their earliest dates. Take note and see the 
time that was taken to work out the creeks in British 
Jolumbia and California ; they were finished witbin 
three years. Here in the streams mentioned have 
worked nearly cne hundred years or more. And bere 
yet occasionally pieces of rich quartz are found. These 
pieces of rich quartz show that the quartz did not 
cowe down the stream a long distauce, or the same 
would be worn more and in smaller pieces. In my 
opinion a great saving of time in discovering quartz 
can be made by two or more persons prospecting for 
quartz. First to examine the bottoms of the streams, 
and if a quartz ledge is seen in the streams, then trace 
the direction of sameto either or both sides of the 
stream, and afterward sink shafts on either or both 
sides. I believe this to de mach less expense. 

Also take note of date of discoveries of the Cariboo 
quartz ledges: the two mentioned. You may have 
notes of other discoveries. I have none. As Williams 
creek proved to have the blue lead, this same section 
may prove to be the head of the blue lead, and the 
same lead to the Dead river in California. And also 
take note, in the Republic of Colombia the quartz 
ledges extend over more territory than any other known 
mining country. Ip the state or department of An- 





tiaque, the greater section of the same has quartz mines 
opened at no great distance one from the cther. This 
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departinent of Cauca has several quartz mines opened 





and working the same the native style; none have the 
These mines 


proper tnachinery for working the same. 
in this department of Cauea include Bartolo Chavez. 
The Marmato mine and the German company, and 


several other quartz mines worked by the natives near 
have also seen rich gold quartz 
mountain to! 1889 amounted to about 2,200 car loads, each car con- 


the mine of Chavez, 
which came from this main range of 
the east of Popayan, the capital of this department 
of Canga, and gold has also been taken from the west 
~ide of the coast range on the Pacifie Ocean. The de- 
partinent of Tolima is known to be rich with quartz 
ines, and the extension of this main range of moun- 
tains to the Republie of Eeuador has quartz also, and 
tany mines opened in Ecuador, and the continuation 
of same range to Peru and Chili. These mines in this 
Republie of Colombia and those in the Republic of 
Ecuador will never be worked properly until a railroad 
is made to get in the proper machinery to work the 
same, and Yankee capital and brains to manage them. 
Then this section named will soon produce a hundred 
per cent. more gold and silver in a shorter time than 
all of Unele Sam’s dominions. Until a railroad is made 
the mining country will rewain the same, 
EpWIN H. PRINDLE. 
Quibdo, Departemento de Cauca, 
Republic of Colombia, March 16, 1891. 


CALIFORNIA ORANGES. 


FIvE or six years ago the oranges of the eastern 
market came from Florida, Cuba, Messina, and other 
European countries. The southern Californian produc- 
tion was not a prominent feature, and hardly a factor 
in trade. To-day the reverse is the case. 
of trees in the new Southwest are bending low with 
the golden fruit, and thousands of gleaming heaps are 


waiting in the groves to be sorted, wrapped, packed, | 
and shipped to the East, where they will find ready | 


sale. 

The picking time is on in southern California, and 
the fortunate possessor of an orange grove can look 
upon his possessions from day to day and make a fair 
estimate of his wealth. The first picking is made 
about the middle of December in the San (Gabriel 
valley, and from the Ist «f January, for a month or so, 
the gathering continues unabated. A few weeks 
previous the wholesale shippers go the rounds of the 
yvroves. Many of them have arrangements from year 
to year with the owners, while many producers prefer 
to make new contracts each season. The agent in- 
spects the grove and offers so much per box or so much 
for the fruit on the tree, and here the responsibility of 
the owner ceases. The shipper puts on his pickers, 
the grower receives his check, and another year is 
begun. 

The picking of the orange in large orange centers, 
such as the San Gabriel valley, is announced by an ad- 
dition to the floating population. Gangs of pickers— 
Mexicans, Chinese, Americans, men and boys—gather 
from far and near, and the groves are filled with gay 
laughter and song. Everybody is at work, and if the 
crop, as it is this year, is large, every one feels cheerful 
and confident. The orange grove of the imagination 
is a stretch of trees filled with golden fruit, where one 
ean lie in the soft grass and luxuriate in the sight. 
The actual grove, while beautiful to the eye, is nota 
place for lounging, as the ground is or should be kept 
plowed continually and irrigated often by floods of 
water. 
showing ripe and green fruit and white blossoms at 
the same time, they are an enigma. 

At Pasadena and all through the southern country 
the oranges are now being picked. A gang of men 
under the head of a leader or overseer takes possession 
of a grove bright and early in the morning, two or 
three men being appointed to a tree, and the picking 
begins. Tall stepladders enable the pickers to reach the 
top branches, and each orange is carefully cut from the 
tree; as if it is pulled and the skin broken it will soon 
decay. The pickers wear a bag into which the fruit is 
dropped, which when filled is handed to the washer or 
scrubber. The latter, generally a Chinaman, washes 
the black stain or rust from the fruit, polishing it with 
a cloth, after which it is passed tothe assorter. Some- 
times asimple machine is used, a runway, so that the 
oranges of the same size will all collect together. This 
accomplished, each orange is wrapped in variousiy 
colored paper and placed in the box ready for ship- 
ment. A counter keeps tally of the boxes, as some- 
times the owner is paid by the box, as well as the 
picker. 

In some groves various machines are used. Thus one 
patent is a knife on along pole, which is connected 
with a canvas tube. The orange cut in this way drops 
into the chute, and by an arrangement of traps drops 
from one to another, and finally rolls into a box unin- 
jured. The ordinary method of picking, however, 
is by hand. 

The orange pickers are usually a jolly lot, there being 
something about the business, apparently, that en- 
livens the spirits and imparts an air of jollity to the 
party. The Mexicans and Americans labor in harmony, 
but an orange picking team composed of Chinamen 
and Americaus appears to work the reverse. The 
Chinese picker finds that his ladder gives way without 
warning, dropping him into the thorny tree or upon 
the ground 
seen quarters, or finds his pigtail fastened to a branch; 
in other words, as a rule, his life in the orange grove 
is not as pleasant as it might be. He is strongly sus- 


pected by his fellows of working at rates that will not | 


support a white man of family, addicted to tax- 
paying. 

At the orange-picking time the country is a marvel 
tothe Eastener, While standing among the orange 
the picker looks away over grove after grove, fields of 
flowers, acres of golden eschcholtzias, patches of wild 
daisies, bluebells and yellow violets, and finally his ey 
rests upon the Sierra Madres, or mother mountains, 
rising but four or five miles distant, the garden wall 
of this mountain Hesperides. His nostrils inhale the 
odor of the orange biossoms, while his eyes greet the 
spow banks of a vigorous winter. The great peaks are 
capped with snow and the upland blizzard is raging 
with unabated fury. From the vant ground of the 
orange grove the wind can be seen on Mt. San Antonio 
whirling aloft the snow in gigantic wraiths, tossing it 
upward in huge clouds that rise hundreds of feet, to be 
borne away over the lowland and dissipated. W 


housands | 


But the trees are attractive ; ever green, often | 


He is bombarded with oranges from un- | 
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es on this arctic scene the observer can scarce believe 

e facts, scarce realize that he can by a single glance 
encom ss winter and summer. The orange picker, 
however, has no time to spend on the zestheties of the 
subject; he is picking against time, and an eager East 

} is waiting. 

it is diffienlt to estimate in advance. 


e 
t 


The crop of 


| taining 300 boxes, which means that southern Califor- 
| nia sent East 500,000 boxes or an orange and a half for 
jevery man and woman in the United States. The 
oranges that are being picked now and shipped as this 
article is read will fill easily 3,000 ordinary cars. They 
are warketed in the East at a time when the Florida 
crop is over, and have to compete with foreign oranges 
only, such as the Valencias and Sicilian fruit, upon 
which a heavier duty has been placed to cfford the 
California supply a fair opportunity, 

A glance at the hundreds of orange groves in south- 
ern California at the present picking will hardly tend 
to convince the novice that fifteen years ago there 
were few bearing trees outside the old missions in the 
|country}; yet this is a fact. The orange groves of 
| Pasadena, Riverside, and other localities are the re- 
sult of the last fifteen years’ work, and the actual re- 
turns tell that it has paid. Many of those who first 
came to California expecting to make a fortune in 
oranges failed, but the possessors of these fine groves 
to-day are the envied ones of the community. 

The first oranges in southern California were planted 
| by the old mission fathers, who undoubtedly brought 
| the seed from Spain, whereto it originally was carried 
| from western Arabia by wandering tribes. The orange 
}is a remarkable tree. It flourishes in what is appar 
ently the poorest soil, is always green, ripe fruit will 
hang.upon its limbs for a year, and it is always in 
fruit or blossom. The tree will bear when 150 or 200 
years old, while at Versailles there is a tree known to 
be over 400 years old, and older still is a famous tree 
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nearly seedless. Almost equally as large is the Mediter- 
ranean sweet, of fine flavor, juicy, with few seeds, 
While the navels ripen in December and January, the 
latter orange comes later, often in May or June. The 
Maltese blood, Rio, paper rind, and St. Michael are 
popular fruits. The tangerine is what may be termed 
a fancy variety, very sweet, with a rich reddisb-yellow 
skin, the latter coming off easily. These are the com- 
mon varieties, but a stroll through Riverside or Pasa- 
dena groves will show a score or more, representing al] 
the orange-producing countries in the world. The 
citrus (or orange and lemon) fair recently closed at 
Los Angeles was the most successful in the history of 
this orange country, and so wuch interest was taken in 
it that the southern counties of California decided to 
remove the exhibit to Chicago, and Pasadena ships 
her exhibit to-day in charge of three of her citizens 
As a result Chicago will see the finest display of oranges 
ever made.—J. Y. Sun. 


THE OUNCE, OR SNOW LEOPARD. 


THE Zoological Society’s collection of living ani- 
wals, London, has just received an important addition 
inthe shape of a young specimen of the ounce, or 
snow leopard (Felis uncta), which has been purchased 
of Mr. William Jamrach, the well known dealer. The 
ounce, which is allied to the leopard, but is distin- 
guished by its denser fur, longer tail and lighter color, 
inhabits the higher districts of Centra! Asia, and is 
the only one of the larger feline animals that has 
hitherto remained unrepresented in our Zoological 
Gardens. Though many attempts have been made to 
secure specimens of it from Northern India, none of 
them have proved successful until the arrival of the 
present specimen. The ounce has been lodged for the 
present ina special cage prepared for it outside the 
lion house, as it was not thought advisable to intro- 





duce a denizen of the suowy regions of the Himalayas 
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THE OUNCE, OR 


ut Nice that is fifty feet high and still bears 6,000 
oranges a year. Its exact age is unknown. 

The orange craze, as it has been cailed. is most allur- 
ing. The prospect upon the outside is of sitting down 
and waiting for the agent to come around yearly and 
buy the crop; yet constant work and attention are 
necessary. The orange grove requires to be irrigated, 
plowed, and weeded throughout the year, and so far it 
isa bagatelle. The chief trouble lies in the various 
parasites. Two years ago many of the groves of south- 
ern California were almost ruined by the white scale. 
Orange wen were in despair, and orchards worth thou- 
sands of dollars were literally given up to the destroyer 
and looked as though flecked with snow. The govern- 
ment sent a comwmissioner to Australia who discovered 
a ladybug that proved an enemy to the white scale, 
and to-day the trees are again in fine condition. But 
other insect pests, the red and black scale, have to be 
| fought, so that the life of the orange grower is not all 
smooth sailing. 

The success of last year and the appearance of the 
grass of the present season have created an unusual de- 
mand for orange land, and thousands of trees have 
been set out during the past year that will in from four 
to six years be adding to the productive value of the 
country. The visitor to California is amazed at the 
price of land where the orange grows, but his astonish- 
went wears away as the sums received for the luscious 
| fruit are shown. The crop of Riverside may be taken 
asaninstance. Every year nearly $1,000,000 is paid to 
the orange men alone for their crops. The figures for 
1889 were: Citrus frnits (oranges), $630,000; deciduous 
fruits (dried), $80,000; raisins, $375,000. No wonder 
land in this vicinity is held high and offered to Eastern 
farmers, unimproved, at from $300 to $500 an acre. 
The prices appear extravagant, but it has been de- 
monstrated at Riverside that land will pay for itself in 
about five yoars, and in six pay 10 per cent. ona valua- 
tion of $4,000 to $5,000 an acre, and in ten years 10 per 
| cent, on a valuation of $10,000 an acre. These are the 
| fieures that have fired men’s souls, and that are now re- 

sulting in the planting of new trees all over southern 
Calitornia. 

What especially encourages the grower here is the 

fact that in the last ten years the consumption of 
| oranges has increased 500 per cent. in this country, and 
j}ison the increase. Not only this, but rival and new 
jroads have opened upa market for California fruit 
which it has not had in former years. 

While loads of white boxes are being rolled to the 
cars for Eastern shipment, we may glancc at the vari- 
ous kinds of oranges grown here. First in size and 
beauty comes the navel, which was imported from 





ith | Bahia, Brazil, in 1870. It isa large, beautiful fruit, and 





SNOW LEOPARD. 


into the warm atmosphere that so well suits the lions 
and tigers.—J/1. London News. 


REPORT ON INSECTS. 


THE history of the following insects, and the methods 
of destroying or holding them in check, have been 
worked out by Prof. C. H. Fernald, entomologist of 
the Hatch Experiment Station of the Massachusetts 
Agricultural College, Amherst, Mass., or compiled from 
the most reliable sources. This last has been done be- 
cause there have been so many demands for informa- 
tion about the common insects as to cause the expendi- 
ture of a large amount of time in answering inquiries 
about them. The following report is from Station 
Bulletin No. 12, recently published. 


THE BUD MOTH. 
Tmetocera ocellana (8. V.) 


This insect, Fig. 1, is very abundant in some parts of 
Massachusetts, and has done a vast amount of damage 
to our fruit trees, much more than has been generally 
supposed. The minute brownish caterpillars eat out 
the inside of both leaf and flower buds, and not un- 


ae 
Fie., 1. 


frequently those of grafted scions, and the failure ot 
those grafts has generally been thought to have been: 
caused by imperfect grafting 

These caterpillars make their appearance about half 
grown in early spring, when the buds of our fruit trees 
are beginning to swell, and eat their way into the bud, 
thus destroying it. If one bud does not suffice, they go 
to a second, and so on. 

When a terminal bud is destroyed, the growth is 
continued from a lateral one; and, as often occurs, 
the terminal bud of this lateral branch is destroyed by 
these minute caterpillars, thus giving a peculiar ap- 
pearance to the older trees of an orchard, so that one 
can easily recognize the work of the bud moth by the 
irregular growth of the branches. 

The woths emerge during the latter part of June or 
early in July, and lay their eggs on the leaves of apple 
and various other trees. The young,as soon as hatched, 
feed on the leaves, and are about half grown when the 
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cold weather comes on,and they hibernate in that 


e. 
“= destroy these caterpillars it is desirable to gather 
all the leaves from under the infested trees in the fall 
and burn them, and also to shower the trees with onc 
pound of Paris green in one hundred and fifty gallons 
of - a. in the spring when the buds first begin ‘to 
swell. ; 

This application will also prove valuable for the de- 
struction of tent caterpillars and other early leaf-eat- 
ing insects, 





The following technical account is preparod for those 
who desire a more complete history of the insect than 
is given above. 

This species was first described briefly by the authors 
of the Vienna Verzeichniss in 1776, page 130, under the 
name of Tortrix ocellana, and in the supplement of 
same report, page 318, they state that the larva feeds 
on hornbeam (Carpinus betulus). Fabricius described 
the moth more fully in his Mantissa Inscctorum, 
volume 2, page 228 (1787), and in 1794, in part 2, 
volume 8, of his Hntomologica Systematica, page 255, 
he deseribed the moth again under the name of Pyralis 
luscana, Why he changed the namc is not apparcnt. 

Hubner, some time before 1811, in his Sammlung 
europaischer Schmetterlinge, figured this species on 
plate 3, figure 16, and gave it the name of Tortrix 
comitana, and in his Geschichte europaischer Schwet- 
terlinge, Tortrices, gives on plate ©, Fig. 1, a, the larva ; 
and }, the pupa, on apple blossoms 

Bechstein, in his Naturgeschichtc der schadlichen 
Forstinseekten, part 3, page 774 (1805), deseribes the 
moth and says that it is seen rarely in forests in 
Germany in the month of June; and that the Vienna 
Verzeichniss states thatthe larva feeds on the white 
beech (Fagus sylvaticus), thus making « mistake in 
the food plant by a misquotation. 

Haworth, in his Insecta Britannica, part 3, page 334, 
published in 1811, adopts Hubuer’s name and describes 
six different varieties of the moth, but makes no allu- 
sion to the early stages and food plants, which he 
would have done if he had known them, for, on the title 
page, he states that all known facts on the early stages 
are given. 

Froelich, in his Enumeratio Tortricum, published 
in Germany in 1828, describes the moths, but makes no 
allusion to the early stages. 

Treitsehke, in Die Schmetterlinge von Europa, 
volume 8, page 40 (1830), deseribes this moth under the 
name of Penthina ocelilana, and in the supplement, 
part 3, page 51 (1835), it is stated by Herr Moritz that 
there are two varieties; one with the middle of the 
fore wing wholly white, the caterpillar of which lives 
in Sorbus aucuparia. It is pale reddish gray, with 
black head and thoracic shield. Of the darker variety, 
the pupz have been found only on alder, but thev 
probably live on other kinds of trees. In July the 
moths are frequentiy found in lareh forests. 

Stephens, in his illustrations, volume 4, page 92 
(1843), deseribes this moth under the name of Spi/onota 
comitana. He states that it is extremely abundaut in 
the vicinity of London, and not uncommon in other 
parts of the country. The caterpillar feeds on the horn- 
beam, and the moth appears on the wing about the 
middle of June. 

Duponchel, in the Histoire naturelle des Lepidop- 
teres, tome 6, page 203 (1834), described the moth un- 


der the name Penthina luscana, and referred to the | 
account of the food plant given in the Vienna Verzeich- | 


niss, already mentioned. 

Sehmidberger, in Kollar’s Insects Injurious to Fruit 
Trees, page 234 (1840), describes this insect under the 
name of Tortria (Penthina) ocellana, but gives no de- 
scription of the larva. He states that the eggs are 
laid singly on the fruit buds or leaf buds during the 
month of June [in Austria], and that they do not hatch 
till the following spring, when the larva reaches its full 
size in four or five weeks, then pupates and cmerges 
in May as a moth. 

Guenee, in his Index Methodicus, page 20 (1845), ina 
foot note, says the larva is brownish with a black head 
and shield, and that it lives in the month of May in the 
topmost leaves of A/nus, twisted and drawn togcother. 

Zellar, in Oken’s Isis for 1846, describes the full 
grown larva very briefly, and states that it feeds on 
oak and alder. 

Herrich Shaffer, in his Schmetterlinge von Europa, 
volume 4, page 234 (1849), says that it is on the wing at 
the end of June, and that the large light examples are 
from fruit trees, and that the smaller darker ones are 
from larch, the larv# being between the loaves. 

Stainton, in his manualof the British Butterflies and 
Moths, volume 2, page 219 (1359), describes the moth 
under the name of Hedya ocellana, and says the larva 
is brown, with the head and second segment black, and 
feeds ‘‘on various trees,” *‘ very common in the south 
of England, but searcer to the north.” Wilkinson, in 
his British Tortrices, published in the same year, de- 
scribes it under the same name, and says the imago 
emerges in June and July, frequenting hedges and 
woods around London; and that the larva feeds on 
hornbeam, alder, mountain ash and probably on white- 
thorn. He repeats the deseription of the larva given 
by Guenee. 

Lederer, 1859. in his Revision of the European Tor- 
tricids, page 367, established the generic name 7'meto- 
cera for this species, because of the notch in the upper 
side of the base of the antenne of the male. 

Heinemann, in his Tortricina of Germany and Switz- 
erland, page 206 (1883), after describing the moth, 
states that the larve occur in May and June. on fruit 
and other deciduous trees, and the variety laricana, 
between the needles of larch. 

Zeller, in the Entomologische Zeitung for 1873, page 
129, describes his variety /aricana, but gives nothing 
new of the larva of 7’metocera ocellana or of the larva 
of this variety. 

I have two examples of the European variety 
laricana in my collection, but have never seen any- 
thing like them taken in this country, nor have I heard 
that any one here has bred 7. ocellana larva or any 
variety of it from larch. 


deciduous trees, and also upon apple and pear trees. 
In his farther account he follows the statement of 
Schmidberger in Koliar’s Insects, given above, and 
adds a list of five different species of Hymenopterous 
parasites that prey upon it. 

The first account given of it in this country, so far 
as [ can learn, was that by Harris in his Insects In- 
jurious to Vegetation, first edition, page 349 (1841), 
where he describes it under the name of Penthina 
oculana, but he does not give the early stages. 

In 1860, Clemens describes this species.in the Pro- 
ceedings of the Philadelphia Academy of Natural Sci- 
ences, page 357, under the name Hedya pyrifoliana. 
His description of the moth and also of the larva is 
very good, and he says “it inhabits the pear and plum 





Since that time many persons have written about it 
more or less fully, but nothing new bas been given on 
its habits, so far as I have seen, and it has generally 
been supposed to pass the winter in theegg state. Mr. 
James Fleteher, in his report for 1885 as Entomologist 
to the Department of Agriculture of Canada, page 24, 
writes: ‘I do not know for certain the life history of 
this little moth, but believe it passes the winter as a 
larva on the branches of apple trees, protected by a 
covering of silk.” 

For some years past I have observed the habits of 
this insect, and have been able to carry it through its 
transformations. The moths emerge between the last 
of June and the middle of July, though belated speci- 
| nens are sometimes taken on the wing as late as the 
middle of August, and one was taken at this place 
| August 25, 1889. 

The fore wings expard about three-fifths of an inch. 
| The head, thorax, and basal third of the fore wings, 
| and also the outer edge and fringe, are dark ash gray, 
the widdle of the fore wings is cream white, marked 
| more or less with costal streaks of gray, and in some 
specimens this part is ashy gray, but little lighter than 
|the base. Just before the anal angle are two short 
| horizontal black dashes followed by a vertical streak 
|of lead blue, and there are three or four similar black 
| dashes before the apex, also followed by a streak of 
| lead blue. 





The hind wings above and below and the abdomen | 


jareashy gray. The under side of the fore wings is 
arker, and has a series of light costal streaks on the 
| outer part. 
| The moths pair and the female lays her eggs, when 
| in confinement, in clusters of from four to ten or eleven, 
| often overlapping each other. They are oval, flattened, 
| four-fifths of a millimeter Jong, and half as wide, sor- 
did white, with a narrow border of clear and transpa- 
rent white, while the center of the egg is one complete 
mass of minute granules. Ip about three days the 
center of the egg has grown darker, and the granules 
larger ; and on either side there is a clear, white, oval 
space about one-third the length of the egg. In about 
two days more the outer edge of the center is the same 
| color asin the last stage, and inside this is a narrow, 
\lighter band, while in the center is seen the form of a 
cylindrical larva larger at one end, and both ends slight- 
ly curved toward each other; and in one or two days 
more the whole form of the larva is visible, the head, 
thoracic and anal shields being black. The egg stage 
| lasts from eight to eleven days. 
| When the young larva hatches, it does not eat the 
| shell of its egg, but goes on to the tenderest leaves and 
almost immediately begins spinning a microscopic 
layer of silk, under which it eats the outer layer or 
epidermis of the leaf. The larva is then about three 
millimeters in length, of a creamy white color, with 
head, thoracic and anai shields blackish brown, and a 
few winute pale hairs on the body. The head is very 
large for the rest of the body. In a week the 
larva is nearly four millimeters long, light yellowish 
brown, with the head, thoracic and anal shields dark 
brown, and it eats minute holes through the leaf, its 
silken web now being visible to the naked eye. The 
larva gradually becomes a trifle more brownish, in- 
creases in size and enlarges its web along the side of 
the midrib. 

Late in the fallthesilken web is quite heavy and thick, 
and the larva deposits its excrements in little black 
pellets in the form of a tube, under the web, within 
which it hibernates during the winter. Not unfre- 
quently two leaves are fastened together by the silk of 
the web, and sometimes a leaf is secured to a branch of 
the tree in the same manner. 

About the first of May the larva measures seven mil- 
limeters when resting, and eight whenin motion. It 
is cylindrical in form, with the head dark brown and 
of medium size. The body is dark yellowish brown, 
and the head, thoracic and anal shields very dark, 
polished brown. There are.ten lighter brown protuber- 
ances on each segment, from each of which arises one 
pale hair. On the upper surface of the ninth segment 
is seen the double undeveloped reproductive organ, of 
alight brown color. The legs are dark brown and the 
prolegs yellowish brown. About the first of June the 
larva is from ten to twelve millimeters in length, and 
the body has changed to a cinnamon rufous color. 
From the middle to the last of June it curls or draws 
together several leaves, which it lines with silk, and in 
which it transforms to a pupa. 

The pupa is seven millimeters long, brownish yellow, 
tapering from the head to the posterior end, with the 
wing cases dark brown. There are two rows of dark 
brown spines pointing backward, across each ab- 
dominal segment. The spiracles and anal segment are 
dark brown. It remains in the pupa stage about two 
weeks and then the moth emerges. 

Some years ago I found a most curious parasite at- 
tacking the larva of this species. It was a Hymenop- 
terous insect of a pea green color, and was attached 
to the topand across the second segment of the larva, 
on the outside and entirely out of the way of harm, 
and there it grew fat at the expense of its host, which 
died a lingering death. The parasite was determined 
forme by Mr. E. T. Cresson as Phytodictus vulgaris 
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The following food plants are reported for this coun- 
try: apple, pear, plum, cherry, laurel oak, and Prof. 
Harvey informs me that he has bred it from black- 





Taschenberg, in his work on entomology for garden- 
ers, published in Bremen in 1874, page 306, says that 
this species is very abundant everywhere, on the wing 
from June to August, and further says the caterpillar 
has sixteen feet, is reddish brown and the head black- 
ish, in early spring upon the buds of different kinds of 





berry. 
The food poanta given in Europe are apple, pear, 
quince, Carpinus, Crataegus, Sorbus and Quercus, 


SPITTLE INSKCTS. 


toad-spittle, snake-spittle, etc.—are formed by small 
insects belonging to the family Hemiptera or true bugs, 
and are seen adhering to the twigs and branches of 
shrubs and trees, and also to the stems of grasses and 
other plants. 

During the early stages of its life, by means of special 
glands, this insect seeretes an albuminous liquid and 
discharges it from the posterior end of the body, fore- 
ing bubbles of air into it after it has been used in 
respiration, probably. Fig. 2 shows a portion of a 























Fra. 38. 





grass stem with the young insect in the frothy mass, 
magnified. At a, the insect is shown reaching out the 
hinder part of the body to secure a bubble of air. At 
| 0, the inseet is allowing the bubble of air to escape in 
the fluid. At ¢, the mouth parts are shown like a sting 
piercing the grass. Fig. 3 represents the grass with 
two masses of froth on it at a, a, and a young insect 
exposed at b, 

These illustrations are from Morse’s First Book of 
Zodlogy, and | am indebted to the publishers of that 
work for the use of them. 

Two different species of spittle-insects are common 
on grass in Massachusetts, Phi/aenus spumarius(Linn.) 
and Philaenus lineatus (Linn.), and they also oceur in 
Europe, from where they were probably introduced. 
Although these two insects feed on many different 
species of plants, it is said that they are strictly at- 
tached to grasses and low plants, and that they never 
oceur on trees and shrubs except by accident. 

It is not known where they lay their eggs, but as the 
females are provided with saw-like appendages con- 
nected with the ovipositor, it is probable that they cut 
slits in the stems of the plants near the ground, in 
which to deposit their eggs. I incline to the impres- 
sion that they hibernate during the winter in the per- 
fect state, and lay theireggs in early summer. This 
is true of the allied Proconia costalis and Heliochara 
communis, which I have often found fully developed in 
early spring, just emerging from their winter quarters. 
The eggs are very large as compared with the size of 
the insect, and as but very few are laid, these pests are 
never liable to becowe excessivoly abundant. This in- 
sect remains in the frothy secretion during the early 
stages (nymph), but, after reaching the adult stage, 
does not make this secretion, and becomes very 
active. Although the wings are well developed, it 
does not fly any great distance, but makes long leaps, 
and runs quickly, often with a peculiar sideways mo- 
tion to the opposite side of the plant from the ob- 
server. 

The spume spittle insect, Philaenns spumarins, 
(Linn.) is very variable in color, about one-fourth of an 
inch in length,of a clay yellow color, and sprinkled 
more or less with brown, but some varieties are almost 
entirely brown. The female of this species lays from 
eight to ten long whitish eggs. 

The lined spittle insect, Philaenus lineatus (Linn.) is 
about one-fourth of an inch long, of an ocher yel- 
low color, with a whitish stripe on the costa or outer 
edge of the wing covers, and a brownish stripe within 
and parallel to it. Some of the varieties are dark 
brown with a whitish costal stripe. 

Although the mass of froth on the stems of grass is 
quite large, it usually contains but a single insect, which 
is so small that it can injure the plant but very little, 
and it is very seldom that the pest is abundant enough 
to make any material difference in the hay crop. 

Besides the above named species of Spittle insects in 
Massachusetts, we have Clastoptera proteus, a common 
species on cranberry and blueberry bushes, Clastopera 
obtusa, on the leaves and twigs of alder, Aphrophora 
paraliela, on the twigs and smaller branches of pine, 
A, quadrinota, and A. signoreti on the grapevine, and 
A. quadrangularis on grasses, weeds and blackberry 
twigs. 








THE SQUASH BUG. 
Anasa tristis (De Geer). 


About the last of June or the first of July, whena 
few young leaves of the squash have started, the bugs 
come out of their hiding places, in crevices of walis or 
fences, where they have passed the winter. The in- 
sects pair and the females lay their eggs in little 
patches on the under sides of the leaves, fastening them 
to the leaf with a gummy substance. The eggs are 
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rounded oval in form, about one sixteenth or: an :nen 
long and about one twenty-fifth of an inch wide, some- 
what flattened on the portion uttached to the leaf, and 





The frothy spittle-like masses—called frog-spittle, 


of a reddish or resin color, 
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The young bugs soon emerge, and are slaty gray 
above with several small black warts on the surface, 
and there is a greenish tinge to the under surface. As 
they grow older, they are more of a yellowish green 
color, with the head slaty black. The young will be 
found of different sizes all summer, as the female does 
not lay ber whole stock of eggs at one time. 

About the last of September, the bags have attained 
their full growth, Fig. 4, about three-fifths of an inch 
loug, and are ocher yellow, with so many small pune- 
tures that it gives a dusky hue tothe body. The full 
grown bugs when handled, and especially if crushed, 
give off a very strong odor. 

In order to check the ravages of these insects, they 
should be sought for and killed when about to lay their 
eggs; but if any have escaped detection, the eggs may 
be discovered and crushed, Water drained from a 
barn yard is a good remedy, as it tends to promote the 
vigor and luxuriance of the plants, thus rendering 
them less liable to suffer as much from the punctures 
of the bug 

The plants should be visited daily and searched, as 
the bugs remain quiet in the daytime on the stems, or 
on the ground under the leaves. Shingles, strips of 
board or other similar objects may be laid on the 
ground for the bugs to hide under, when they may be 
captured and destroyed. Experiments with kerosene 
emulsion have not thus far proved very successful. 


THE PKA WERVIL 





Bruchus pisi (Linn.) 


This insect, Fig. 5, natural size, enlarged at a, and | 
an infested pea at }, is a native of this country, but is 
now common to nearly all parts of the world. It is! 
easily distinguished from the other species of its family 
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by having a depressed head, a very short snout and the 
antenne eleven jointed, straight and slightly thickened 
at theend. On thetip of the abdomen, which is some- 
what longer thau the wing covers, are two oval black 
spots, which cause the remaining white portion to look 
something like a letter T. 

It is about one-fifth of an inch long, of a rusty black | 
color, with more less white on the wing covers, and a} 
distinct white spot on the hinder part of the thorax. 

The beetles begin to appear as soon as the peas are | 
in blossom, and when the young pods form, the females 
lay their eggs on the outside of them, and as soon as 
the eggs hatch, the larve, or grubs—which are of adeep 
yellow color and have a black head—make their way 
through the pods and into the nearest peas. Only one 
grub can be fully developed in each pea, and this one 
will not destroy the germ, for peas will grow if they 
are infested, but the plant will be feeble, and the 
weevils will increase rapidly. 

After the grubs are fully grown, they eat a circular 
hole out to the shell of the pea, and then complete 
their transformations. Some of the beetles emerge | 
from the peas in the fall of the same year that they | 
were hatched, if the summer has been long and hot ; 
but as a general rule they remain in the peas during 
the winter, and do not issue till the new vines are grow- 
ing. | 

The weevils can be killed by taking the peas that | 
are to be kept for seed, and inclosing them in tight 
vessels with camphor; also by keeping the peas two| 
years, taking care that the beetles do not escape. A 
good plan is to tie the peas in tight bags and hang them 
in an airy place till Christmas, and then in order that 
they may not become too dry, put them in tighter ves- 
sels. The best way is to plant only sound peas. 








THK BEAN WEEVIL. 


Bruchus obsoletus (Say). 


The general color of this weevil, Fig. 6, natural size, 
and enlarged at a, is tawny gray warked more or less 
with dull yellow, and it is less than a fourth of an inch 
long. Sometimes over a dozen are found ina single 
bean, Fig. 6, >. The female lays her eggs on the out- 
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side of the young pods, and as soon as they hatch, the 
young larvz, or grubs, bore through the pods and into 





the beans. They rarely injure the germ, and the beans 
will doubtless grow when only a few occur in a bean 3 
but when the substance of the bean is destroyed, even 
though the germ is not touched, the bean either will 
not grow, or will produce only a feeble plant. 


Before the larve are transformed into beetles, they | 


eut a cireular hole out to the shell of the bean and can 


be easily seen in white or light colored beans, after the | 
Some of the beetles emerge in the fall, | A é 
and the remainder in the spring ; therefore the beans! bark of trees, rubbish and in other convenient places 
}and are first seen in May or June, when the fruit i 


tinal changes. 


intended for seed should be tightly tied up in stout 
paper bags, so that the beetles cannot escape, and kept 
over till the second year, when they will all be dead. 


beetle, is commonly known as the May beetle, June 
beetle, dor bug, ete., and is very common, making ite 


appearance early in May or June. The body is ——- 


oval, and from three-fourths to an inch in lengt 
about one-half an inch in diameter. and of a dark 
chestnut brown color, while the head and thorax are 





a 





Fa. 


cold and rainy, they will remain sometimes over a 
| week before hatching. 

The young larve, or grubs, Fig. 8, a, are small, 
| white and footiess, and as soon as hatched eat their 
way to the center of the fruit, causing it to fall before 
itisripe. The grubs are fully grown in from three to 
five weeks, being about two-fifths of an inch long, 
with a brownish head anda yellowish white body, 
with a pale jine on each side, and a few minute black 
bristles. They now leave the fruit, burrow into the 
ground, pass into the pupa state, Fig. 8, b, and in six 
weeks emerge as perfect beetles. These insects are na- 
tives of this country, and when first discovered fed on 
wild plums, and are now sometimes found upon them. 
As the insect feigns death when disturbed, by jarring 
the trees under which a sheet has been spread, « great 
many may be captured and destroyed. It has been 
recommended to allow poultry to ran under the trees, 
as they will eat the grubs and beetles, and thus hold 
them in check. It has also been recommended by 
some to shower the trees with Paris green in water as 
soon as the fruit is fairly set, and before the eggs are 
laid, so that the beetles in feeding on the leaves may 
be destroyed. Others claim that this is of no value, but 
my experiments thus far have not settled the point 
either way. 

(To be continued.) 


VAN 'T HOFF’S LAW OF OSMOTIC PRESSURE. 





sometimes almost black, and the breast is covered with | 
pale yellow hairs. These beetles remain at rest during 
the day and eat at night, feeding upon the fruit and 
leaves of different trees, often doing much damage. | 
After living for about three weeks the female lays her | 
eggs and then dies. 

The eggs, from forty to fifty in number, are deposi- 
ted among the roots of the grassina ball of earth. | 
They hatch in the course of a month, and the young 
larvee, or grubs, feed upon the rootlets of various | 
plants. They are soft and white, with a horny head | 
of a brownish color, and have six legs. When cold | 
weather approaches, they burrow deeply in the ground | 
and rewain tillspring. The grubs do not reach their 
full size till the third year, when they are about the! 
size of a man’s little finger. They rest on one side, 
slightly curved, and near the hinder end the contents 
of the digestive system are visible. They then con- 
struct an oval shaped cocoon, in which they change 
into pupa. 

In the spring the perfect insects emerge, live about 
three weeks and thendie. In the grub state they ure} 
very injurious to lawns, grass lands and’ meadows, eat 
ing the roots of the grass and causing it toturn brown 
and die. They are also injurious to strawberries, eat- | 
ing the roots and destroying the plants. 

Onaccount of the underground life of the larvm, 
or grubs, of these beetles, they are hard to destroy. 
They have their natural enemies, but these are not 





| sufficient, and other means must be employed to get 


rid of them. Various animals, shrews, moles and 
others that burrow, destroy many. Certain birds, 
robins, crows, blue-jays, black-birds, etc., also eat 
them, and the tiger beetles kill them. There is also a 
white fungus which sometimes grows in two long pro- 
cesses from the grubs, one on each side of the head, 
which destroys them. 

Various artificial remedies have been suggested, as 
the mixing of wood ashes with the soil, which makes it 
very unpleasant for the grubs, and in some cases has 
proved very efficient. Shaking the beetles from the 
trees on to sheets and then burning them is recom- | 
mended. This can be done best early in the morning. | 
Late fall plowing has also been recommended, but to} 
reach the grubs it must be deep, for they burrow down | 
a cousiderable depth in order to pass the winter. Swine 
and dometic fowls are fond of the grubs, and will de-| 
— them when allowed to have access to the infested | 
field. 

From experiments made by Mr. W. B. Alwood, it is 
probable that kerosene emulsion may be used success- 
fully for the destruction of this insect while in the 


| ground, but it is necessary to thoroughly drench the 
| ground, for the purpose of reaching the grubs. 


This 
plan is well worth a trial on lawns, but it is donbtful 
if it would pay in fields. 

THE PLUM CURCULIO. 
Conotrachelus 


nenuphar (Herbst). 


The plam carculio belongs to the group of snout 
beetles or weevils, and is very injurious to cherry, 
quince, peach and apple trees, as well as plum trees, 
The perfect beetle, Fig 8. c, is about one-fifth of an 
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By D. J. CARNEGIE. 


THERE are few, I think, who would oppose the ap- 
plication of the qualification “epoch making” to the 
recent work of Van ’t Hoff in connection with the osmo- 
tic pressures of dilute solutions, 

Although this work involves nothing of what is popu- 
larly styled scientific romance, and is of toospecialized 
a nature to beget the general interest of the public, yet 
it must be admitted that, taken along with its imme- 
diate consequences, it appeared at first sight very much 
in the light of romance tothe smaller world of scientists, 
whose thoughts and energies it has, notwithstanding, 
rolled into altogether new courses. 

Before detailing this work, however, certain prelimi- 
naries are necessary to the full appreciation of the posi- 
tion it assumes in the province of knowledge to which 
it essentially belongs. 


| Matter exists in three states: solid, —_ and gase- 


ous. Uptill quite recent times theoretical chemistry has 
had chiefly to do with matter in its gaseous condition. 
The deportment of gaseons matter is conditioned by 
very simple laws, the chief of these being (1) Boyle's 
law, (2) Charles’ law (Gay Lussaec’s law), (3) Avoga- 
dro’s law, and (4) Graham's law. 

In his ** defense of the doctrine touching the weight 
and spring of the air” (1662) Boyle very quaintly de- 
scribes how, by means of *‘a tube crooked at the bot- 
tom through the instrumentality of a dextrous hand 
and a lamp,” he discovered, ‘* not without delight and 
satisfaction,” that the volume of a constant mass of gas 
varies inversely as the applied pressure ; or expressed 
algebraically, pr = constant. 

Then in 1787 followed Charles’ law, which, ultimately 
giving rise to the conception of an absolute zero of 
temperature, finds its fullest enunciation in the form : 
the volume of a constant inass of gas at constant pres- 
sure is proportional to its absolute temperature, or 0 = 
constant X T. 

In 1811 Avogadro laid the foundation of modern 
chemistry in advancing the hypothesis that equal vol- 
umes of gases under like conditions of temperature and 
pressure contain equal numbers of molecules. Ex- 
pressed algebraically, molecular weight = 2 X specific 
gravity of gas. This hypothesis (raised to the rank of 
a law by the kinetic theory of gases) lies at the foun- 
dation of all the fundamental constants of chemistry 
—the atomie weights; and till within quite recent 
times has been the only method of any generality for 


|determining molecular weights, and through these 


atomic weights. 

Graham (1833), following up some of Dobereiner’s ex- 
periments, which had their origin in a small crack in a 
glass gas receiver, discovered empirically that the rates 
of diffusion of gases through very small openings are 
inversely proportional to the square roots of their 
specific gravities ; or— 


Rate of diffusion of x 4/ Specific gravity y 








Rate of diffusion of y —_,/ Specific gravity x 
Before inquiring what laws, having a chemical bear- 


ing, pertain to matter in the liquid state, it will be well 
to divide liquids into the sub-classes, homogeneous 


|liquids (such as mereury, molten sulphur) and non- 


homogeneous liquids or solutions (such as solution of 
sugar in water). It is the latter subdivision with 
which we have to do. 

In 1867, Guldberg and Waage, in enunciating their 
law to the effect that chemical action which takes 
place between substances in solution is proportional to 
the active masses of each of the substances participat- 
ing in the reaction, laid the foundation of modern con- 
cepts regarding chemical affinity. 

Quite recently, Raoult in showing that equimolecu- 
lar solutions (7. e., solutions consisting of quantities of 
substances proportional to their molecular weights, 
dissolved in equal quantities of solvent) have the same 
| freezing points and vapor tensions, furnished two new 





| methods of wide applicability for determining molecu- 


| lar weights—methods which can be applied where A vo- 


inch long, grayish-brown or black in color, while on | 


which is a dull yellow band and a few white markings. | 
The thorax and wing covers are roughened and an-| 
even, and the snout is about as long as the thorax. 

There is only one brood ina year. The beetles pass | 
the winter.in the perfect state, hiding under the loose | 
>| 
8} 
y| 
ad 


fairly set. The female at once lays her eggs, from fift 
to a hundred in number, in the young fruit, making 


It is better, however, to plant sound seeds only, and de- | *Wall hole with hersnout and depositing only one eggin | 


stroy all that contain the weevils. 


THK MAY BEETLE. 
Lachnosterna fusca (Frohl). 


asingle plum. She then cuts a crescent shaped slit in 
front of the hole, Fig. 8, d,thus undermining the egg and 
preventing the growing fruit from crushing it. The 
eggs are of an oblong-oval form, pearly white, and can 
be plainly seen with the naked eye. If the weather is 


This.insect, Fig. 7, 1, pupa; 2, larva; 3 and 4, the' warm, the eggs will hatch in three or four days, but if 


gadro’s law fails. Expressed algebraically, Raoult’s 


|the wing covers is a black shining hump behind | /@Ws stand as follows : 


pMfS' 
(f—f')P 

The molecular theory of matter has found its great 
est development in its application to matter in the gase- 
ous state, that is, as the kinetic theory of gases. Al 
low that heat is essentially a molecular movement. and 
that the pressure of a gas is due, not to any specific re- 
pulsive forces indwelling in the molecules, but merely 
to the repeated impacts on the sides of the containing 





* Where m = molecular weight to be ascertained, M = molecular weight 
of solvent, P = weight of solvent, p = weight of dissolved body, f! = va- 
por pressure of solution, / = ditto for solvent, A = lowering of freezing 
point prodaced by dissolving pg grms. of substance in P erms, of solu- 
tion, and r = constant depending on solvent and determined experiment- 
ally for each solvent, 
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vessel of the heat-impelled molecules, then the laws of 
Boyle, Charles, Avogadro, and Graham, following as 
necessary consequences of these postulates, are raised 
from the low level of mere ewpiricisms to the higher 
platform of logical deductions from a theory which, in- 
volving only the most simple and probable premises, 
co-ordinates and explains a vast number of at first ap- 
parently disconnected facts. 

The question now arises, Are our theories respecting 
the structure and mechanism of liquids (the case of 
solids does not concern us in this paper) as definite as 
the kinetic theory of gases, so that they, in an analo- 
gous way, confer warranty on the laws conditioning 
the properties of liquids? In answer we must 7 
that up to the present time our views regarding the 
constitation of homogeneous liquids are so vague as to 
scarcely merit the name of theories, and that the nature 
of non-homogeneous liquids or solutions is a burning 
question of to-day’s theoretical chemistry, which is di- 
viding chemist against chemist. 

By no means the least result of Vin ’t Hoff’s work on 
osmotic pressure is the elucidation of the nature, if not 
of solutions one at least of that important class 
of solutions—-the dilute solution. which Raoult and 
others have experimentally investigated. What is 
this quantity—osmotic pressure? Suppose a vessel, A, 
filled with say sugar solution, and immersed com- 
pletely in water. as in Fig. 1. Further, suppose the 








Fic. 1. 


walls of A of such a nature that they permit the pass- 
age through them of water, but not of sugar molecules. 
Such walls Van ’t Hoff calls semi-permeable. In virtue 
of the attraction of sugar molecules for water molecules 
water will enter the vessel, A, thereby increasing the 
pressure on its sides up to a certain limit, when equili- 
brium is established. This equilibriam pressure in 
A is called osmotic pressure. 

Such semi-permeable vessels are realized in practice 
as follows. The porous cell, A, Fig. 2, filled with a 
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solution of potassium ferrocyanide, is immersed in a 
beaker containing a solution of copper sulphate. The 
solutions diffusing into the walls of the cell, and meet- 
ing about half way, react, forming a precipitate, 8, of 
insoluble copper ferrocyanide, which possesses the 
seni permeable qualities alluded to. 

In order to take a measure of osmotic pressure with 
the cell, it is washed oat, filled with a solution of 
known strength of the substance to be investigated, 
and closed air tight by cementing in the glass head 
piece, H, which carries the manometer, M. The whole 
apparatus immersed in a beaker of pure water is al- 
lowed to stand till the mercury levels in the manometer 
cease to change. The difference in height in the levels 
in the two limbs gives the osmotic pressure. 

Accepting this definition of osmotic pressure, Van *t 
Hoff asserts the existence of a very close and deep 
seated analogy between gases and substances in dilute 
solution, provided always in dealing with the analogy 
we make osmotic pressure in solutions as thus deter- 
mined correspond to gaseous pressurc. 

Now Boyle’s law states that pressure varies inverse- 
ly as volume, or what is the same thing, varies directly 
as concentration. If Van ’t Hoff’s asserted analogy be 
valid, the osmotic pressure of a solution should vary 
directly as its concentration, The following measure- 
ments made by Pfeffer shows that Boyle’s law does 
hold for dilute solutions, provided osmotic pressure be 
——— for gaseous pressure in the enunciation of 

e law. 


Osmotic pressure Ratio: 

Concentration in in mm, of Pressure to 
percentages. mercury. Concentration, 

1 435 535 

2 1,016 508 

2°74 1,518 554 

4 2,082 521 

6 3,075 513 


_ It will be noticed that the figures in the third column, 
in conformity with Boyle's law, are approximately con- 
stant. That Charles’ law also holds for dilute solu- 
tions has been proved in several ways. I select as the 
most interesting a physiological method of proof which 
we owe to De Vries. A leaf—all of such a plant as 
T'radescantia discolor (one of the plants actually used) 
—cousists essentially of an outer cell wall, C, Fig. 3, 
lined by a layer of protoplasm, the primordial utricle, 
P; the double envelope forming the boundary of the 
vacuole, V, which is filled with cell sap. 

The living primordial utricle has all the properties 
of asemi-permeable membrane ; consequently, if the 
cell be immersed in a solution having a greater osmo- 


from the sap to the surrounding solution, and the cell 
will assume a plasmolytic condition. That is, the 
primordial atricie will leave the cell wall, and contract 


o 
Fie. 3 


= - diminished sap contents, as represented in 
ig. 4. 

If the concentration of the surrounding‘solution be 
so arranged that its osmotic pressure is equal to that 
of the sap, then there will be no plasmolysis—the prim- 
ordial utricle will remain in ~lose contact with the cell 
wall. Of course, if two different solutions are in osmo- 
tic equilibrium with the same cell, they must be in os- 
moti¢ equilibrium with each other. Taking advantage 
of this behavior of vegetable cells, it has been shown 
that solutions of common salt, niter, and sugar, which 





exert equal osmotic pressure (7. e., are isotonic) at 0°, 
are isotonic also at 34°. But this is none other than an 
indirect admission that Charles’ law holds also for dilute 
solutions. 

So far as I am aware, dilute solutions have not yet 
been investigated with respect to Graham’s law. With 
the aid of a cylinder with semi-permeable walis fitted 
with a piston, we can conceive of various reversible 
processes to which these dilute solutions may be sub- 
mitted. But that protean and powerful law, the se- 
cond law of thermodynamics (which states that the 
energy at our disposal, though unchangeable in 
amount, is continually approaching a dead level con- 
dition iu which it will no longer be available), deals 
with reversible cycles, and Van ’t Hoff has shown that 
by applying this second law of thermodynamics toa 
special reversible process carried out without change 
of temperature, the necessary consequence is that the 
osmotic pressure exerted by a dilute solution of a. sub- 
stance is equal to the gaseous pressure which the sub- 
stance would exert under the same conditions of tem- 
perature and concentration. Hence, suppose we have 
x2 grms. of a substance dissolved in V volumes of a 
solvent exerting an osmotic pressure, P, at ¢°; then x 
grms. of the sawe substance in the gaseous state, oc- 
pa fa V volumes at ¢° would exert a gaseous pressure 


It is but a short step further to conclude that Avo- 
gadro’s law holds also for dilute solutions, and that 
under equal osmotic pressures, and at the same tem- 
perature, equal volumes of dilute solutions contain 
/equal numbers of dissolved wolecules ; and, moreover, 
the same numbers of molecules which would be con- 
tained in equal volumes of gases under like conditions 
of temperature and pressure. This is Van ’t Hoff’s law 
of osmotic pressure, which has been amply confirmed 
by experiment. 

But further, assuming the truth of all that has pre- 
ceded, and applying the second law of thermodynamics 
to other reversible processes suitably conceived,* and 
carried out with the cylinder of semi-permeable imate- 
rial ; and Van ’t Hoff shows that the important laws 
of Raoult in all their entirety are direct consequences 
of this analogy between gases and dilute solutions. 
Nay wore, the equations arrived at have new informa- 
tion of their own, and show that the constant 7 in Ra- 
oult’ssecond equation (see ante), which up to date has 
only been determinable by experiment, may be easily 
calculated from a knowledge of the freezing point and 
heat of fusion of the solvent; the calculated results 
omens very closely with the experimentally observed 
results, 

By similar methods of reasoning, he has lastly shown 
that Guldberg and Waage’s law (in a slightly modified 
and more exact form) is a necessary consequence of his 
developwent of the conception of osmotic pressure. 

Thus we see that the laws relating to dilute solutions, 
Boyle’s law, Charles’ law, Raoult’s law, Avogadro’s 
law, and Guldberg’s law, are not disconnected and in- 
dependent truths; just as the kinetic theory of gases 
co-ordinated the laws regulating the deportment of 
gases, and gave them an imprimatur which they did 
not before possess, so the analogy worked out by Van ’t 
Hoff has resulted not only in the discovery of new and 
unsuspected laws for non-homogeneous liquids, but 
also in the power to group together new and old, and 
to regard from a common standpoint laws which, hav- 
ing a wide applicability, we are glad to have estab- 
lished and confirmed by theoretical deductions. 

No longer do we, in a vague blotting paper impres- 
sion way, picture to ourselves a dilute aqueous solution 
of a substance as consisting of various ill-defined hy- 
drates of the dissolved body diffused through the invert 
excess of solvent ; on the contrary, the molecules of the 
dissolved body retain their individuality just as — 
would were the body gasified instead of dissolved, wit 
this difference, however, that in the former case the 
molecules would be separated from one another by the 
inert ether of space, while in the latter case the mole- 
cules are kept outside each other’s spheres of action by 
the intercalated molecules of solvent which are not 
always inert, but demand the introduction of constants 
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peculiar to the solvents employed into certain of the 
equations conditioning the properties of solutions. 

In conclusion, let us glance at the fringe of the vast 
sheet of consequences of Van ’t Hoff’s analogy. Nota- 
ble exceptions to Avogadro’s law occur among gases. 
Thus the gas of ammonium chloride under certain con- 
ditions exerts & pressure double that which Avogadro's 
law would lead us to expect under the conditions. 
Such cases are, as is well known, explained satisfac- 
torily in terms of the theory of dissociation. The ques- 
tion naturally arises: Isthe analogy between gases and 
dilute solutions so perfect that the latter also afford 
examples of deviation from Avogadro’s law explicable 
in terms of dissociation ? 

The answer is an affirmative. 

A dilute solution of potassium chloride exerts twice 
the osmotic pressure that theory demands; it is hence 
concluded that in dilute solution each molecule of KCl 
is dissociated into its tons K and Cl. So startling is 
this and similar conclusions, that had they not been 
backed up by scientists of such authority as Ostwald, 
Van’t Hoff, and Arrhenius, I doubt whether they would 
have ever been granted a fair hearing. 

But it must not be supposed that such conclusions 
rest merely on analogy. Ostwald has described a 
simple experiment whic ints to the existence of free 
ions in a dilute solution of potassium ch!oride. 

Further, it has been noted that those substances 
which in solution do not conform to Van ’t Hoff’s law 
are all electrolytes, while all non-electrolytes obey the 
law of oswotic pressures. Now, Clausius and William- 
son, years ago, suggested that the explanation of 
electrolysis was to be found ina partial dissociation 
into their ions of those substances which are electrolyz- 
able. Modern research in defining and confirming their 
views has shown that the very partial dissociation 
which these scientists were thought bold for asserting 
is in reality anything else but partial. In fact, in the 
ease of those substances which we have been in the 
habit of regarding as most stable (HCl, KCI, KOH, ete.) 
the dissociation in solution is almost, if not quite, per- 
fect; water completely, or nearly so, separating the 
molecule of the dissolved substance into its ions. Se 
intimate, indeed, is the relation between electrolysis 
and osmotic pressure, that the latter quantity for any 
substance may be fully determined from measurements 
of the electric conductivity of its aqueous solutions. 

Accepting this view of the general existence of disso- 
ciation in solution, which has arisen out of Van’t Hoff’s 
law of osmotic pressure, many purely chemical facts, 
hitherto inexplicable, receive a rationale. Wecan now 
account for Hess’ Jaw of thermo-neutrality, which 
states that the mixture of two neutral salt solutions is 
unattended by any thermal disturbance ; we can now 
understand why the heats of neutralization of all strong 
acids are approximately constant; we can conceive of a 
strong acid displacing a weaker acid from combination 
without introducing vague views on chemical forces 
and chiuierical attractions; we begin to see through 
such everyday and fawiliar experiences as the fact that 
solution of silver nitrate does not produce a precipitate 
of silver chloride in all solutions of chlorinated com- 
pounds; in short, the development of Van’t Hoff’s 
views leads us to look on mary otherwise inexplicable 
and seemingly isolated phenomena as part and parcel 
of one vast harmonious system. 

** Where order in variety we see, 
And where, though all things differ, all agree.” 


—Chem. News. 








WHISKY. 


In a communication to the London Society of Chem- 
ical Industry Mr. Allen sketched the process of the 
- ~rrccacs of whisky, both in ‘‘ pot” and patent 
stilis. 

In the ease of the former the malted and fermented 
grain is distilled, yielding ‘‘low wines,” or first liquor 
and “ pot ale,” which is ran away. As *‘ pot ale” con- 
tains about 1 per cent. of acid, mostly lactic acid, it seems 
probable that a use might be found for it, Mr. Cross 
stating in the discussion which followed that lactic 
acid was now made on a large scale from glucose in 
America, and found a ready sale. ** Low wine” is then 
redistilled, yielding a first fraction called ** four shots,” 
then “clean spirit” or actual whisky, next ‘* faints,” 
and, fourthly, spentleys. *‘ Four shots” and “faints” 
are returned and redistilled, so that finally nothing re- 
sults but whisky and spent leys. Tbe time to change 
the receiver is indicated by the “four shots” ceasing 
to become milky when mixed with an equal bulk of 
water ; again after the whisky has come over the dis- 
tillate begins once more to give a turbidity on similar 
treatuient, and the era of * faints” begins. 

Elgin is the headquarters of the manufacture in 
Scotland. Irish whisky differs from Scotch by being 
made partly from upmalted barley. ‘ Potheen” was 
rightly confined in meaning to whisky made in illicit 
stills. lts manufacture was almost entirely confined to 
Ireland, although in 1889 a prosperous concern had 
been discovered in Birmingham, its prosperity being 
aided by the fact that the gas used was stolen, by the 
simple process of tapping a pipe. The genuine potheen 
was made from mixed and crude materials, molasses 
being a not uncommon ingredient ; sometimes a lump 
of peat was insérted into the still ‘forthe sake of 
Ould Oireland !” 

The manufacture of patent still spirit consisted 
in the fermentation and distillation of almost any kind 
of cheap saccharine matter ; the vapors were subject- 
ed to a certaiv amount of fractionation on acccunt of 
the form of still used, the one most commonly em- 
ployed being that known asthe Coffystill. From this 
alcohol as strong or stronger than rectified spirit could 
be obtained, and was termed ‘silent spirit,” as the 
elimination of impurities was so complete that even 
an expert could not tell the raw material whence it was 
derived, In the making of patent still whisky unmix- 
ed malt was never used, the least amount necessary to 
furnish the diastase being deemed sufficient. The pro- 
duct was milder in flavor, and did not alter so much on 
keeping as pot still whisky. It was contended that 
such radical difference in mode and cost of wanufac- 
ture made it very undesirable to permit, as was now 
done, the blending of pot with patent still whisky, and 
the vending of the product as “ pure malt whisky.” 
As regards the question of fusel oil in whisky, Mr. 
Allen said that a vast amount of positive and alarm- 








tic pressure than that of the cell sap (due to its con- 
tained organic acids and acid salts), water will pass 


* For details see translation of Van t Hoff'’s paper, L, Phil. Mag., 
August, 1888, 


ist statements had been founded on the very feeblest 
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centage of fusel oil, to be found in published records, 
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the last few monthe there 1 were abso- | 
lutely only four analyses of whisky, giving the per- 














The injection of blood into the peritoneam offers 
certain dangers. It is necessary, moreover, to inject a 
fixed quantity of it. The method had to be modified, 


Mistakes had occurred because Continental observa- | Messrs. Richet and Hericourt found that the globular 


tions had been erroneously supposed to touch the mate | 


ter, the percentages recorded being quite tangible. | 
Whisky > however, 
Continent, and the published accounts were, therefore, 


inapplicable. 


Then even if it were proved, as his experience show- 
that a perceptible amount of fusel oil 
be demonstrated 
Allen had not 
nightly for 
aconsiderable period drank whisky containing sowe | 
2 per cent. of the alleged deadly thing, and beyond its 


ed it was not, 
was present in whisky, 
that this constituent was baneful. 
shrunk from personal experiment ; 


it had still to 
Mr. 
he had 


nauseousness had experienced no disagreeable effects. 
The estimation of fusel oil in the smal! quantity present 
in whisky was best effected by distilling the alcohol af- 
ter saponification with potash, shaking out the diluted 
spirit with chloroform, 
to their corresponding acids, and titrating these. Car- 
bon tetrachloride was preferable to chloroform on the 
whole. A full satisfactory method had not perhaps 
been arrived at, but every improvement tended to 
lower the observed percentage. 


THE TREATMENT OF TUBERCULOSIS. 


LET not our readers be uneasy ; it is not a question 
of treatment by Koch’s lymph. The lamentable failure 
of that business is complete, and there is no occasion to 
revert to it. But while so much clamor was being 
raised about this so-called German process, too little 
attention was paid to the researches modestly elab- 
orated at the Faculty of Paris, aod which, applied to 
therapeutics, stand achance of being attended with 


success, and that too without compromising the health | 


and life of patients who exhibit no phenomenon of 
febrile reaction. 

In the month of October, 1888 (it will be seen *hat 
the question does not date from yesterday), Mr. Chas. 
Richet, the young and distinguished professor of 
physiology of the Faculty, made, in conjunction with 
Mr. Hericourt, a series of experiments of the greatest 
interest. Microbes, as well known, do not act in the 
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same way upon the varions species of animals. More- 
over, there are animals that are absolutely refractory 
to the inoeulation of a microbe that would kill a dif- 
ferent species of animal in afew hours, This state of 
immunity is likely due to the presence in the blood of 
chemical substances that are poisonous to the microbe 
and prevent its development. Messrs. Richet and 
Hericourt asked themselves whether, on injecting into 


an animal susceptible of being influenced by a microbe | 


the blood of an animal refractory to this same microbe, 
an immunity would not be obtained for the first. Ex- 
periment fally confirmed such a hypothesis. 

One microbe that they discovered (Staphyloceus 
pyosepticus) rapidly kills the rabbit and does not act 
absolutely upon the dog, or produces but a slight local 
lesion. A certain quantity of the blood of the dog is 
injected into the peritoneum of the rabbit. The latter 
is then inoculated with the Staphylococcts and resists 
perfectly. This experiment, many times repeated, 
proved conclusive. Moreover, this is what was the 
starting point of a general method which is capable 
of being put to numerous therapeutical applications 

The idea of applying this first admitted principle to 
tuberculosis occurred to the minds of the experimenters 
immediately. They at once set themselves to work 
and ascertained, in fact, that rabbits transfused with 
the blood of the dog—an animal refractory to tuber- 
culosis—resisted the inoculations, and remained robust 
and fat, while the animals not submitted to the opera- 
tion wasted away and siowly succumbed to the progress 
of the eachexy. The blood of the dog secured immunity 
to the rabbits. Was it possible to infer a therapeutical 
application from these retnarkable experiments, which 
we cau summarize but briefly? The question is there 
put ina different manner. In man, it is not a ques- 
tion, in fact, of rendering him refractory to tuber- 
culosis, The subject is ent rely in the power of bacilli. 
It is a curative and nota prophylatic means that is 
necessary. Has the blood of the dog such a virtue ? 
The experiments made up to the present do not permit 
of speaking of a cure, but the improvements have been 
such that there are here, evidently, researches to be 


pursued, and which will some day be crowned with 
success, 





was absolutely not made on the) 


oxidizing the higher alcohols | 


aud fibrinous part was valueless for these experiments, 
and that the serum was sufficient to secure immunity. 
They applied themselves to the isolation of the serum 
| from the blood under the most perfect conditions of 
antisepsy, and were enabled to obtain a pure product, 
without the least alteration and perfectly innocuous. 

It is with the serum of dog’s blobd—serine— 
injected subcutaneously, just as an injection of mor- 
phine is made, that the first therapeutic applications 
were made. As we have said, the results have been 
most encouraging. Some physicians have not feared 
to make a direct injection into the veins, in order to 
obtain a quicker result. 

What is to be noted is that the improvements have 
been astonishing, and that, too, without the patient 
being submitted to the least danger. It should not be 
thought that the curative agent of phthisis has been 
definitely found. Neither Mr. Richet nor his co-laborers 
make the pretension to have pointed out an infallible 
remedy, which, after a few injections, will suppress a 
jehronie and rebellions disease like phthisis, which is 
often common to several organs. Such assertions are 
put forth on the other side of the Rhine only. They 
say simply : Here is a process that renders animals re- 
frac tory and that brings about a rapid transformation 
in man. Study it and observe. It may be ineffi- 
cacious, that the future will dee ide, but it is harmless. 

We have said that there is here a general method 
which will find various applications. The proof of it 





is that two observers at Naates, Messrs. Bertin and 
Pieq, have attempted the treatment of tuberculosis 
|with the blood of another animal, also refractory. 


With goat’s blood they have obtained in the patients 
treated an improvement, just as occurs with the use of 
dog’s blood, 

The researches of our French scientists have made 
less stir than those of the Berlin professor. Is it so as 
| not to belie the proverb which has it that no one is a 

prophet in his own country? Is it not simply that 
these researches have been conducted with scientific 
|exactness and probity, without dissimulating all the 
secrets and difficulties of the preparations, and that an 
endeavor has not been made to start a business and to 
| establish a speculation like that to which the public, 
and physicians even, have lent themselves with too 
much ingenuousness.—Dr. A. Cartaz, in La Nature. 
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